Dredged Material

Manaqement Ootion
and Environmental
Gonsiderations

Judith Pederson

E. Eric Adams



Dredged Material Management

Options and Environmental

Considerations

PROCEEDINGS OF A CONFERENCE

DECEMBER 3-6, 2000

Edited by
Judith Pederson
E. Eric Adams

MIT Sea Grant College Program
Massachusetts Institute of Technology

Cambridge, MA 02139



Published by:

Massachusetts Institute of Technology

MIT Sea Grant College Program

292 Main Street, E38-300

Cambridge, MA 02139 USA
http://web.mit.edu/seagrant/publications/index.htm]

Publication of this volume is supported by the National Oceanic and Atmospheric Association
contract no: NAS6RGO074 and NA46RGO434,

Copyright © 2002 by the Massachusetts Institute of Technology. All rights reserved. This publication
may not be reproduced, stored in a retrieval system or transmitted in any form or by any means:
electronic, electrostatic, magnetic tape, mechanical, photo-copying, recording or otherwise, without
written permission of the holder.

In order to photocopy any work from this publication legally, you need to obtain permission from the
Massachusetts Institute of Technology for the copyright clearance of this publication.

Book design and production by Gayle Sherman

MIT Sea Grant College Program Publication Number (02-8
Library of Congress Control Number: 2003102101
ISBN 1-56172-028-3

Dredged Materials Management: Options and Environmental Considerations
Proceedings of a Conference, December 3-6, 2000
edited by Judith Pederson and E. Eric Adams

Dredged materials management-Conference 1. Pederson, Judith. II. Adams, E. Eric. ITL. Massachusetts Institute of
Technology. Sea Grant College Program. I'V. Title.



TABLE OF CONTENTS

TABLE OF CONTENTS

CHAPTER 1: CONFINED AQUATIC DisrosaL CELLS

Monitoring Results from the Boston Harbor
Navigation Improvement Project Confined
Agquatic Disposal Cells

Core Analysis: Is it a Good Indicator of Metal
Release and Capping Efficiency?
Chunhua Liu, Jenny A. Jay, and

T. 1. Fredette, P. E. Jackson, C. I. Rogers, Timothy E. Ford 36
D. A. Hadden, S. H. Wolf, T. A. Nowak Jr.,
and E. DeAngelo 3 Evaluation of Five Capped Aquatic Disposal
Dynamics of Particle Clouds Related to Cells in Portland, Oregon
Open-Water Sediment Disposal Philip Spadaro 40
Gordon J. Ruggaber and E. Eric Adams 11
Operating and Managing the Newark Bay
Dispaosal of Boston Harbor Sediments into in- Confined Disposal Facility
Harbor CADS: Minimal Water Quality Effects Gregory P. Matthews, Scott E. Thompson,
Ann Pembroke and James Bajek 16 Jim Tacone, and Thomas H. Wakeman, ITI 45
Experimental Investigation of Stre
De"f:lopmm o Dmdgg " 3 Morine S“g“‘]. cats Biological and Chemical Analyses of Boston
Sanjay Pahuja, John T. Germaine, and Harbor Confined Aquatic Disposal Cells
Ole S. Madsen 21 Amanda Sara!l Bourque, Judith Pederson,
and James Shine 50
Propwash Modeling for CAD Design
Vladimir Shepsis and David P. Simpson 25
Evaluating Dredged Material in a Sub-Channel
Confined Aquatic Disposal Environment:
Experience from the Boston Harbor Navigation
Improvement Project
Pamela J. Walter, Brian Andrews, and
Peggy L. Myre 29
CHAPTER 2: CONFINED DisrosaL FACILITIES
“Shooting Through the Gas™: Innovative Treatment of PCB Contaminated Dredged
Geophysical Imaging of the Deep Subsurface Water from the New Bedford Harbor
for Shoreline Disposal Cell Geotechnical Superfund Project
Design in a Shallow Marine Environment James Brinkman 74
Jay A. Borkland, Richard L. Funk,
Karen Hartel, and Erik W. Matthews 61 Dewatering Sewage Sludge with Geotextile
Tubes
Handling and Treatment of Contaminated Jack Fowler, Rose Mary Bagby, and Ed Trainer 80
Sediments in The Netherlands
Hans Eenhoorn, Wim van der Sluijs 66 Dredging and Dewatering of Hazardous
Impoundment Sediment Using the
Dredging and Disposal of Contaminated Dry DREdge™ and Geotubes
Sediment in The Netherlands Michael L. Duke, Jack Fowler,
Gerard J. Hoogewerff 69 Martin L. Schmidt, and Alvin C. Askew 84



iv  TABLE OF CONTENTS

CHAPTER 3: BENEFICIAL USE

Use of Dredged Materials for Coastal
Restoration
Bamry A. Costa-Pierce 91

Habitat Creation and the Beneficial Use
of Muddy Dredged Material in the
United Kingdom
C. A. Fletcher, M. P. Deamaley, A. S. Nottage,
I. R. Stevenson, N. G Feates, and
T. N. Burt 94

Selection of Wetland Sites for Reservoir
Dredging Materials at Charles Mill Lake
of Ohio
Tiao J. Chang, Travis D. Bayes, and
Scott McKeever 101

CHAPTER 4: R1ISK ASSESSMENT

Innovative Erosion Control Involving the
Beneficial Use of Dredged Material, Indigenous
Vegetation and Landscaping along the
Lake Erie Shoreline
Eugene J. Comoss, Denise A. Kelly, and
Harry Z. Leslie 107

Decontamination and Beneficial Use of
Dredged Materials
E. A. Stern, James Lodge, K.W. Jones,
N. L. Clesceri, H. Feng, W. S. Douglas 112

Engineering Issues for the Development of
Wetland Cells at Poplar Island Restoration
Project, Chesapeake Bay
Ram K. Mohan and Dennis C. Urso 117

A Review of the Risk Assessment Methods
used to Establish Permitting Criteria
for Open Ocean Disposal of Dredged
NY/NJ Harbor Sediments
Brent Finley and Steave Su 125

Use of Sediment Toxicity Testing Methods
to Evaluate Dredged Material Management
Guidelines at Porto Marghera, Venice, Italy

Richard J. Wenning, David W. Moore,

Jack Word, and Stefano Della Sala 130

CHAPTER 5: POLICY AND MANAGEMENT

Comparative Summary of Selected
Contaminated Sediment Assessment Programs
in the United States
Lynn A. Kowalchuk and Kristen Milligan 136

A Decision Analysis Approach for Evaluating
Capped in-Channel CAD Cells for the Boston
Harbor Navigation Improvement Project

Leo Sommaripa, Judith Pederson, and

E. Eric Adams 143

The National Research Council’s
Environmental Dredging Windows Project:
Seeking Input
Jerry R. Schubel and Kris Hoellen 148

Evaluation of Dredging Technologies for
Project Specific Needs
John Lally and Allen Ikalainen 150

Use of Interactive Geographic Information
Systems to Assist with Management
Decisions
Scott FitzGerald and Judith Pederson 157

Crust Management Benefits Provide Higher
Placement Capacity
Kevin C. Wikar 162

Claremont Channel Deepening: A Public
Private Partnership Success Story
John C. Henningson 168



CHAPTER 6: ToOLS AND TECHNIQUES

TABLE OF CONTENTS v

Use of Phosphate to Stabilize Heavy Metals
in Contaminated Sediments
Bradley Crannell, T. Taylor Eighmy,

Bottom Imaging for Pre-Dredge Hazard
Identification on Contaminated Sediment
Removal Projects

Leslie Butler, Earl Emery, and Frank Cartledge 175 Jay A. Borkland, Richard L. Funk, and
Timothy D. Mannering 183
Use of Dynamic Penetrometers to Determine
Fluid Mud Properties
Jeffrey S. Melton, James E. Clausner,
Harold Christian, and Arnold Furlong 179
CHAPTER 7: ABSTRACTS
Beneficial Uses of Dredged Material from Sediment Toxicity Prediction
Narragansett Bay Dominic M. DiToro and Donald J. O’Connor 194
Christopher D. P. Baxter, Armand J. Silva, and
Victor V. Calabretta 189 Creative Solutions to Dredged Materials
Management-The New Jersey Experience
Gravitational Flows and the Dispersion of W. Scott Douglas 195
Dredged Resuspended Sediments:
The Forgotten Factor? Comparative Evaluation of Risks from
W. Frank Bohlen 189 Alternatives for Dredged Material Management
' in New York/New Jersey Harbor
Assessment and Control of Sediment Susan B. Kane Driscoll, W, Theodore Wickwire,
Contaminant Exposures: Considerations and Jerome J. Cura, Donna J. Vorhees,
Recommendations Cheri L. Butler, Laurel P. Williams,
Bruce J. Brownawell and Anne E. McElroy 190 David W. Moore, and Todd S. Bridges 195
Integrating Toxicology and Benthic Ecology: The Capping Proposal for Cell 1, Tommy
Putting the “Eco” Back into Ecotoxicology Thompson Park - A Wetland Creation
Peter M. Chapman 191 Opportunity on the Toronto Waterfront
Lamry Field, Gord MacPherson, and
The Use of Innovative Sediment Treatment Ken Lundy 196
Technologies in the Great Lakes
Scott Cieniawski and Marc Tuchman 191 Geotextile Contained Contaminated Dredged
Material, Marina Del Rey, Los Angeles and
Beneficial Uses of Dredged Material: Part of Port of Oakland, California
the Solution to Restoration of Louisiana’s Jack Fowler, Dana Toups, and Paul Gilbert 196
Coastal Wetlands
Ed Creef, Susan M. Hennington, and Dredged Material Filled Geotubes,
Linda G Mathies 192 San Antonio Inlet Containment Island,
Buenaventura Bay, Colombia
Review of Comparative Risk Assessment Jack Fowler, Eduardo Martinez, Nicolas Ruiz,
Methods and their Applicability to Dredged and Carlos Ortiz 197
Material Management Decisions
Jerome J. Cura and Todd Bridges 193 Beneficial Use of Dredged Sediments as a
Feedstock in Conventional Portland Cement
Dredging in the New York Harbor: From Production
Crisis to Management Kevin Gardner, Bryan Magee, Jennifer Dalton,
Suzanne U. Dietrick 193 and Sridhar Dronamraju 198



vi  TABLE OF CONTENTS

Siting a Confined Disposal and Treatment
Facility within a Regional Framework for
Managing Contaminated Sediment: Lessons
Learned and Remaining Challenges
Thomas Gries, Steve Babcock, John Dohrmann,
Tim Goodman, Eric Johnson, John Malek,
Stephen Martin, and Fred Seavey 198

ETHEC Contaminated Sediment Treatment
Alex Gurfinkel 199

Identification and Evaluation of Stressors in
Toxic Sediments and Dredged Materials
Kay Ho 199

Model of PAH and PCB Biocaccumulation in
Mpya arenaria and Application for Site
Assessment
R.H. Levine, Philip M.Gschwend,
Judith Pederson, and Judith McDowell 200

Risk-Based Decisions for Dredged Materials
Management: Consideration of Spatial and
Temporal Patterns in Exposure Modeling

Igor Linkov, Dmitriy Burmistrov,

Jerome J. Cura, and Todd S. Bridges 201

Capping Efficiency for Metal-Contaminated
Marine Sediment under Conditions of
Submarine Groundwater Discharge
Chunhua Liu, Jenny A. Jay, Timothy E. Ford,
James P. Shine, and Raveendra Ika 201

Evaluation of Environmental Effects on Metal
Transport from Capped Contaminated Sediment
vnder Conditions of Submarine Groundwater
Discharge

Chunhua Liu, Jenny A. Jay, and

Timothy E. Ford 202

Numerical Sediment Quality Guidelines:
How Well Do They Accurately Predict Acute
Toxicity and Benthic Effects in Saltwater?

E.R. Long 202
Consolidation Settlement of Dredged Sediment
in a Confined Disposal Facility

Eugene Marciano, Gregory Matthews, and

Peter Dunlop 203

Design and Permitting of a Nearshore Confined
Disposal Facility in Portland, Oregon
Kim L. Marcus and James D. Moore 203

Managing PCB Emissions from Contaminated
Sediment Remediation Operations: A
Risk-Based Chrenic Exposure Budget
Approach for Protecting the Public
Ronald J. Mamicio and Michael A. Bilello 204

Alternative Approaches to Sediment Toxicity
Testing: Reverse-TIE and Critical Body
Residues

Anne McElroy and Bruce J. Brownawell 205
The Use of Sediment Trend Analysis (STA®)
in Dredged Material Management

Patrick McLaren 206

Detrimental Effects of Sedimentation on
Marine Benthos: What can be Learned from
Natural Processes and Rates?

Doug Miller, Christine Muir, and Olivia Hanser 206

Confined Disposal Facilities (CDFs):
Great Lakes Experience
Jan A, Miller 207

Toxicity Testing, Risk Assessment, and
Options for Dredged Material Management
‘Wayne R. Munns, Jr., Walter I. Berry, and
Theodore DeWitt 207

Risks of Polluted Sediment Disposal at Sea
Tom O’Connor 208

Design Requirements for Contained Aquatic
Disposal Pits
Michael R. Palermo 209

Dredged Materials and Environmental
Restoration: A Win-Win Story?
Denise J. Reed 210

Beneficial Uses of Dredged Material for
Habitat Creation, Enhancement and Restoration
in NY/N] Harhor
John Rhoads, David Yozzo, Pace Wilber,
William Nuckols, Laura Hollen, and
Rebert Will 210

Pilot In-Situ Capping Project at the
Palos Verdes Shelf
Fred Schauffler 211



Sorption and Transport of Hydrophobic
Contaminants through Sediment Caps:

TABLE OF CONTENTS

The Difficulties of Dredging and Placement for
Beneficial Use Projects

vi

Incorporating the Effects of Benthic Thomas H. Wakeman, HI 216
Infauna
David H. Shull and Eugene D. Gallagher 211 Placement of Sediments from Channel
Deepening in Sub-Channel Cells
Canonical Analysis Benthic Communities in Thomas H. Wakeman, IIT and L. Knutson 216
Boston Harbor: Any Changes Since the
Initiation of Clean-Up Efforts? Beneficial Use of Dredged Material to Enhance
David H. Shull and Eugene D. Gallagher 212 the Restoration Trajectories of Formerly
Diked Lands
Monitoring PCBs in Benthic Marine Fishery Michael P. Weinstein and Lee L. Weishar 217
Resources
Jack P. Schwartz, Nina M. Duston, Use of Ecological Risk Assessment Methods to
Carol A. Batdorf, William Sullivan, and Evaluate Dredged Material Management
Peter T. Kelliher 212 Options
Richard J. Wenning and Daniel M. Woltering 218
Past and Potential Role of Dredged Materials
in Wetlands Creation and Restoration in the Contaminated Sediment Management Options
Pacific Northwest in San Francisco Bay, California
Charles A. Simenstad, Patrick Cagney, and Patricia White, Emily Pimentel, and
Justine Barton 213 Michael Pound 218
New Concepts in Ecological Risk Assessment: Restoration of Norton Basin and Little Bay:
Where Do We Go from Here? Beneficial Use of Dredged Materials in
K. R. Solomon 213 Jamaica Bay, New York
Robert J. Will, David J. Yozzo, and
Creating and Restoring Wetlands with John M. Rhoads 219
Dredged Material: A Summary of Approaches
and Issues The Experience of Tidal Wetland Restoration
W. J. Streever, T. R. Patin, and . E. Davis 214 Using Dredged Materials in San Francisco
Bay - Its Implications for Future Restoration
Availability and Biotreatment of Polycyclic Planning
Aromatic Hydrocarbons in Sediments Philip B. Williams 219
Jeffrey W. Talley, Upal Ghosh, and
Richard G Luthy 215 Contaminated Sediments in the Great Lakes
Stephen Yaksich 220
Use of Seafloor Visualization Tools for
Dredged Material Monitoring and Design Planning for Salt Marshes Created
Management from Dredged Materials: A Case Study in
Raymond M. Valente and Galveston Bay, Texas
Brian D. Andrews 215 Roger Zimmerman and Lawrence Rozas 221
CHAPTER 8: WORKSHOPS
Sediment Toxicity Risk Assessment: Where are The Use of Confined Aquatic Disposal {CAD)
We and Where Should We Be Going? Cells to Manage Contaminated Sediments in
(Workshop Summary) 225 Ports and Harbors (Workshop Summary and
edited Transcripr) 229
Beneficial Uses of Dredged Materials for
Wetlands Restoration (Workshop Summary) 227
INDEX 263







PREFACE ix

PREFACE

Dredging—or the process of removing sedi-
ment from the seafloor—is important for keeping
harbors navigable to increasingly large ships. But
the process is tricky, because it can disturb contami-
nants that accumulate in sediments from decades of
careless disposal practices.

A three-day program including two days of
conference sessions plus three parallel one-day
workshops brought together 200 researchers, man-
agers and others from around the world to discuss
the management of dredged material. The work-
shops, led by invited speakers, focused specifically
on Confined Aquatic Disposal (CAD) cells, benefi-
cial uses of dredged material such as for wetlands
creation or erosion control, and evaluation of risk
assessment tools to test for sediment toxicity. The
conference sessions included presentations on these
topics as well as presentations on Confined
Disposal Facilities (CDFs), Policy and Management,
and Tools and Techniques.

We would like to express our appreciation to
the following individuals and organizations who
helped with the program: a) our local steering com-
mittee, including Rick Armstrong, Frank Bohlen,
Deerin Babb-Brott, Barry Costa-Pierce, Scott
Douglas, Tom Fredette, Deb Hadden, Carlton
Hunt, Olga Quirin, Jonathan Sharp, Mike
Weinstein and Steve Wolf; b) program sponsors,
including Sea Grant Programs at Massachusetts
Institute of Technology (MIT), New Jersey,
Mississippi-Alabama, Delaware, Connecticut and
Rhode Island, as well as the Massachusetts
Environmental Trust; ¢} additional contributors to
the program, including Daylor Consuiting Group,
The Rhode Island Marine Trades Association and
the East Bay Initiative of Rhode Island; and d)
Gayle Sherman, who was responsible for document
layout and design.

The event was held at MIT under the auspices
of the MIT Sea Grant Marine Center on Capping
of Contaminated Sediments. This Center was
established in 1996 as one of several MIT centers
designed to conduct focused research on a particu-
lar marine subject area and to disseminate results
to the marine community. This particular center
was motivated by the recently completed Boston

Harbor Navigation Improvement Project (BHNIP)
that relied upon capped CAD cells for disposal of
dredged materials. In the project, cells were dug
10 to 20 meters below the seafloor of the Inner
Harbor, filled with contaminated dredged materials
and capped with a meter of clean sand from Cape
Cod Canal. The clean clay dug up to create the
cells was disposed of offshore. The Marine Center
brought together scientists and students from MIT,
the University of Massachusetts-Boston, and the
Harvard School of Public Health, to study physical,
chemical and biological processes, as well as
associated policy issues involved with the BHNIP
and similar projects. Marine Center research
findings spurred modifications of BHNIP activities
and stimulated additional research by others, serving
as a model for adaptive management—i.e. making
appropriate modifications based on new data. In
addition to NOAA/Sea Grant, our center was funded
by the New England Division of the Army Corps
of Engineers, the US Department of Energy, the
National Institute of Environmental Health Science
and the US Office of Naval Research.

Judith Pederson
E. Eric Adams
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Monitoring Results from the Boston Harbor Navigation Improvement Project
Confined Aquatic Disposal Cells

T. J. FREDETTE'

P. E. JACKSON

C. J. ROGERs

U.S. Army Corps of Engineers, New England District
696 Virginia Road, Concord, MA 01742 USA

D. A. HADDEN

Massachusetts Port Authority

1 Harborside Drive, Suite 200 South
East Boston, MA 02128 USA

S. H. WoLF
ENSR International
2 Technology Park, Westford, MA 01886 USA

T. A. Nowak Jr.
Ocean Surveys, Inc.
91 Sheffield St., Old Saybrook, CT 06475 USA

E. DEANGELO
Gahagan & Bryant, Inc.
9008-0 Yellow Brick Road, Baltimore, MD 21237 USA

ABSTRACT: The dredging, filling, and capping of nine Confined Agquatic Disposal
{CAD) cells for the Boston Harbor Navigation Improvement Project provided an ideal
opportunity to improve construction methods and monitoring approaches for in-channel
disposal. Working with the project Technical Advisory Committee and the
Massachusetts regulatory agencies, it was possible to modify design requirements based
on experiences gained in each successive phase of the project. In 1997, the use and
monitoring of a single CAD cell lead to construction changes in cap placement for the
Phase IT in-channel disposal cells. Additional experience with the first three, larger
Phase IT cells in 1998 resulted in adoption of recommendations to increase consolidation
time and minimize the use of the props on the hopper dredge during capping. These
approaches were applied to the last five cells created by the project in 1999/2000
resulting in even higher levels of success than in the earlier cells. CAD cells can provide
a practicable alternative for contaminated sediment management. The success and
experience gained from projects such as the Boston Harbor Navigation Improvement
Project will certainly increase the environmental acceptability of CAD cells as a
management alternative.

Key words: CAD, capping, monitoring, Boston Harbor, MA

!Corresponding author; telephone: 978-318-8291;
fax: 978-318-8303; email: thomas j fredette @usace.army.mil
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Note: The findings in this paper were originally pre-
sented at the Western Dredging Association, Twentieth
Dredging Seminar, June 25-28, 2000; Warwick, Rhode
Island. Since the presentation at the December 2000
Technical Conference and Twenty-Second Texas A&M
Conference on Dredged Material Management, a final
summary report has been prepared (US Army Corps of
Engineers, 2002).

INTRODUCTION

Management of silty, fine grained sediments,
determined unsuitable for ocean placement,
dredged from the Boston Harbor Navigation
Improvement Project (BHNIP) have been placed
into a series of confined aquatic disposal (CAD)
cells dredged below the Federal navigation chan-
nels of the inner harbor. Following placement of
these silty maintenance sediments, sand dredged
from the Cape Cod Canal was used to create caps
over the cells (Figure 1). Sediments from the cell
construction and channel deepening were placed at
the offshore Massachusetts Bay Dredged Sediment
site. This unique, large-scale project has provided
an excellent opportunity to improve our under-
standing and application of this management
approach. The latest capping and monitoring, con-
ducted at two cells in November and December
1999, have continued to support the conclusion that
consolidation time is critical to cap success.

Application of the CAD management approach
for the Boston Harbor project has been an evolu-
tionary and iterative process that has been coordi-
nated with an interagency Technical Advisory

"R Wit

Figure 1. Location of Boston Harbor Navigation Improvement
Project and Cape Cod Canal.

Committee (TAC). Project progress, monitoring
results, and changes in the management approaches
have been continually coordinated with the TAC,
consisting of local environmental interest groups,
academic representatives, federal and state agen-
cies. Involvement of these groups throughout the
process enabled practical project modifications to
be implemented, as needed, with each new round
of cell capping and monitoring.

The creation of CAD cells for the project
began in 1997 when two berths at Conley Terminal
were clamshell dredged and the maintenance sedi-
ments were placed using a bottom opening barge
into a small (200 x 500 ft) and relatively shallow
(average of -57.5 ft MLLW) cell (Figure 2, cell
IC2). Average fill elevation was -48.5 ft MLLW,
resulting in about nine feet of maintenance sedi-
ments in the cell. Sand capping began nine days
after placement of the maintenance sediments and
continued for 12 days. Results from this first cell
(referred to as the Phase I cell) demonstrated that
capping was feasible, though some changes to
operations were recommended. This included a
recommendation to not use spudded barges for
placement of cap material, because of the observed
uneven distribution of sand over the maintenance
sediments (Murray et al. 1999, Murray 1998). It
was initially predicted that the sand released from
the barge would flow downstream with currents
within the cell. Instead, the sand cap material fell
directly beneath the opening of the barge. It was
also recommended that a longer consolidation time
be allowed for the sediment placed in the CAD to
reduce the amount of mixing between cap and
maintenance sediments.

The next three cells to be dredged, filled, and
capped (M4, M35, and M12) were substantially
deeper (average depths of -85, —80, and -110 ft
MLLW) than the Phase I cell (Fredette et ¢, 1999)
(Figure 2). These cells were filled with 21, 31, and
34 feet of silt, respectively. Consolidation time
between the last load of maintenance sediment and
the first cap placement ranged from 30 to 52 days
for these Phase II cells. Sand cap was sprinkled
using a partially opened hopper dredge which
maneuvered over the cells. Mixing of sand with the
silt and the presence of silt layers from 1-4 feet
thick on top of sand layers over portions of the
cells led to the recommendation that even greater
consolidation time be allowed (NB: consolidation



Figure 2. Boston Harbor Navigation Improvement Project, Mystic
and Inner Confluence Disposal Cells.
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Figure 3. Time history in days of disposal, (open circle), consolidation,
and capping, (closed circle), for Mystic River Cells.
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Figure 4, Supercell slump sample average height and spread.
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time was initially determined by the Water Quality
Certification goal of minimizing the potential
short-term environmental exposure, rather than
maximizing time for capping considerations).
Additional changes in cap placement (discussed
below) were also made to help maximize condi-
tions for success.

Since the capping of M4, M5, and M12, five
other cells have been under active use. Four of
these, Supercell, M2, M8 and M19, are in the
Mystic River and one, C12 (not shown), is in the
Chelsea River. This paper discusses the results
from the cells capped late in 1999, M2 and the
Supercell. Of the remaining cells, M8 and M12
were capped in the fall of 2000 and monitoring
results are currently being reviewed. As cell C12
was only partially filled, it will remain uncapped
and available for future projects.

FiLLING AND CAPPING OF CELL M12
AND SUPERCELL

Cells M2 and the Supercell (so called, because
of its size) had very different time histories than
the prior three cells M4, M5, and M12 (Figure 3).
These two cells had considerably greater consoli-
dation times (approximately 5 months) and also
had more prolonged placement of the silty mainte-
nance sediments. Silt placement into M4, M5, and
M12 took place in less than 45 days time, whereas
the filling of the Supercell and M2 stretched over 6
and 8 months, respectively. Average cell depths for
M2 and the Supercell were similar to the earlier
Phase II cells, but the Supercell was considerably
larger in footprint (Figure 2).

As part of assessing the readiness of the cells
for capping, a simple slump test was used to exam-
ine changes in silt consolidation. This was done by
taking three sediment grab samples periodically
from each cell, placing the grab on a sheet of ply-
wood pre-marked with concentric circles, and esti-
mating the spread and height that the sediment
maintained. Both qualitatively and quantitatively
these samples provided some evidence of increased
consolidation through time. The height that the
material maintained showed a fairly clear trend,
whereas the spread was more equivocal (Figure 4).

Capping of M2 and the Supercell used the hop-
per dredge, Sugar Island (Great Lakes Dredge and
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Dock Company), that was opened just enough to
slowly release the sand. However, for these two
cells the dredge was maneuvered using a tug rather
than utilizing the dredge’s own engines as was
done for the previous three cells. This change was
made as one more means to minimize any potential
for disturbance of the silt during capping. Seven
hopper loads of sand (17,500 yd3) were placed
over M2 and 20 over the Supercell (49,700 yd3).
As for the previous three cells (Fredette et al.
1999), dredge position was recorded every ten sec-
onds during cap placement of each load and these
data were used to estimate cap coverage. Dredge
position was displayed as a line representing the
longitudinal axis of the dredge. This is shown for a
single cap load in Figure 5 and similar data from
all of the cap loads were subsequently combined to
estimate cap thickness as construction proceeded.
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Figure 5. Position of hopper dredge during placement of load #4
into cell M2 (top) and estimated cap thickness from the single load
(bottomy).

MONITORING METHODS

Sub-bottom profiling and coring of the cells
was conducted by Ocean Surveys, Inc. within two
weeks of capping using the same equipment and
approaches described earlier (Fredette et al. 1999).
Cell M2 was surveyed on two longitudinal tran-
sects and four lateral transects (Figure 6).
Surveying the larger Supercell involved four longi-
tudinal sections and eight cross sections. Six and
fifteen vibracores, respectively, were taken at inter-
secting points of the sub-bottom survey lanes to
allow better interpretation of these two data types.
Previously, it had been recommended that cores be
randomly located (Fredette et al. 1999). However,
additional discussion of the data from the previous
cells led to the conclusion that coordination of
these two data sets would strengthen the overall
analysis.

Figure 6. Sub-bottom survey lanes and cote locations for cell M2
(top) and the Supercell (bottomy).



RESULTS

Sub-bottom profiles of cells M2 and the
Supercell showed a strong reflective layer at the
surface of the cell indicative of a sand cap (Figure
7). Below the sand cap was the relatively feature-
less silty sediments. The sand caps showed consid-
erable medium and large scale topographic varia-
tion and occasional internal layering, something
not seen in the first three cells, because of the
amount of silt mixed with the sand cap. The
Supercell was also characterized by the presence of
multiple diapiric structures, which appear as
upward arching features in the cap (Figure 8).
These diapiric structures, which are similar to
those observed in geologic records, possibly were
caused by movement of water or silt. These struc-
tures were almost non-existent in cell M2,

The cores provided direct physical evidence of
the presence of the sand cap at the surface of the

Figure 7. Sub-bottom profile line x of cell M2 showing cap and
location of two cores.

Figure 8. Sub-bottom profile along line 3 of the Supercell showing
core locations and numerous silt diapirs.
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cells (Figure 9). Most cores from the two cells
showed sand from 1-4 feet thick at the sediment-
water interface (5 of 6 in cell M2 and 12 of 15 in
the Supercell). A few of the cores showed no sand
at the surface (e.g., SS1-2, SS1-14, M24) and sev-
eral had multiple bands of sand separated by layers
of finer silty sediments (e.g., S§1-2, S§1-11, M2-5).

IS o4

2l

Figure 9. Core descriptions from cell M2. Sand is shown as stippled,
silt as black and Boston blue clay (BBC) as gray. Units are in feet.

DiscussIioN

Both the Supercell and cell M2 appeared to
have continuous sand caps ranging from one to
four feet thick over the silty maintenance sedi-
ments. The M2 cap most closely matches ideal
expectations, with little evidence of diapirism and
more consistently thick surface sand layers in the
cores. The Supercell had numerous diapiric struc-
tures, which appear as upward arching features on
the sub-bottom profiles (Figure 8). Cores that
showed no sand at the surface almost always
appeared to be associated with the presence of one
of these diapirs. For example, core SS1-2 was
taken along the Supercell transect Line 2 where the
presence of a diapir was clearly evident (Figure
10). Creation of these diapiric features may be
caused by silts trying to move through the cap or
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Figare 10. Sub-bottom profile along line 2 of the Supercell showing
core locations and presence of silt diapirs.

just by release of water as it continues to exit from
the consolidating maintenance silt sedimment below.
The latter explanation may be more reasonable, as
there was very little evidence in the cores or sub-
bottom profiles that sitt had spread across the top
of the sand.

The greater abundance of these features in the
Supercell is very possibly related to its larger size.
In all cells, the cell walls may provide channels in
which consolidation water can be released, but in a
larger cell the greater distance to a cell wall and
the smaller ratio of cell wall to cell volume means
that more water must exit through the surface. In
addition, cell M2 had much of its filling occur 2
months earlier than the initial Supercel! filling and
M2 also had two prolonged periods of inactivity
(Figure 3) where substantial consolidation could
have taken place. All of these factors combined
probably resulted in the Supercell being at a lower
consolidation state at the time of capping even
though the time from the last barge placement to
capping was the same.

The longer consolidation time that was allowed
for these latest two cells relative to the carlier cells
appears to have had a considerable effect on the
ability of the silt sediments to support the sand cap
(Figure 11). Cell M2, in particular, provides almost
a textbook illustration of expectations. Whereas
sand in the earlier cells (especially cells M4 and
M35) occurred in continuous bands across the cells,
it was overlain by fluidized mud that may have
oozed through diapiric vents (Fredette et al. 1999).
However, the observation of some sand layers
deeper in the Supercell cores and the fact that esti-
mated sand thickness should have been a minimum
of 2 ft thick, suggests that silt strength in this cell
was still not sufficient to support all of the sand
that was placed. It appears that the Supercell, at

25 merers; 75 ft
R b
s i

Figure 11. Comparison of survey line 40, cell M5, December 1998
(top) to line 3, cell M2, November 1999 (below).

least, may have benefited from even longer
consolidation time.

Before we refine our recommendations for
capping of CAD cells, some discussion of the
advantages and disadvantages of capping such
cells shouid be considered. Certainly the placement
of a sand cap will help to minimize the re-intro-
duction of the contaminated silts back into Boston
Harbor and it was instrumental in gaining regulatory
approval for the project. However, because of the
probable depositional nature of these cells (they
are below the elevation of a navigation channel
which itself was depositional and in need of peri-
odic maintenance), the sand cap itself will soon be
buried with sediments very similar in nature to
those it is intended to cover. Thus, the sand cap
may only provide a very short-term net isolation
benefit. This is also true of the potential habitat
enhancements that the cap may have been envi-
sioned to provide.

The placement of a cap into the CAD cell also



has a negative value with respect to cell capacity.
Without the cap the cell can accommodate an even
greater volume or the cell capacity used by a cap
can simply be left to accumulate future deposition.
This behavior as a sediment trap could have a
long-term benefit with respect to decreasing the
volume or frequency of future channel mainte-
nance. This would both decrease the regulatory
challenges of future maintenance needs and also
lessen the environmental disturbance that occurs
with dredging.

There are also other concerns that factor into
the use of CADs and their capping, including the
potential to create anoxic sinks and the impacts of
large vessels on erosion of cell contents. Both of
these have been considered in Boston and relevant
investigations have been conducted. Sampling con-
ducted in 1999 did not observe lower dissolved
oxygen in the Boston CAD cells (Normandean
Associates, Inc. 2000), but this is an issue that may
need further investigation to reach any long-term
definitive conclusion. Anoxia development may
also be a very locale-specific issue for which some
verification monitoring may be appropriate.

An investigation was performed in the spring
of 2000 to provide an initial evaluation of the
effect of vessel passage over capped and uncapped
cells (SAIC, 2000). Currents and suspended solids
were monitored in the water column over the cells
following passage of a large vessel. The monitor-
ing revealed that bottom sediments were temporari-
ly resuspended with the passage of the vessel, but
the amount of sediment resuspended was very
small. It needs to be recognized that the same sedi-
ments that are cause for concemn in the CAD cell
may be the same sediments that were even closer
to prop wash disturbance when they were in the
channel in a shallower situation.

RECOMMENDATIONS

Confined Aquatic Disposal (CAD) cells offer a
practical and effective alternative for the manage-
ment of contaminated sediments. However, there
are several questions that need to be considered
before their selection for project use. One of the
most critical, for design purposes, is the necessity
for a cap. If the benefits of a cap are determined to
be less than the disadvantages, then consideration
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of consolidation time and choice of dredging

equipment take on less importance. Disadvantages

of a cap include the loss of cell capacity that the
cap uses and the cost associated with supplying
cap, while the advantages may include isolation
where rapid sediment accumulation over the cap is
not anticipated.

If the use of a cap is determined necessary,
then using approaches that maximize the strength
of the underlying sediments becomes a large con-
sideration. This includes the method used to dredge
the sediments and the length of time that consoli-
dation will be allowed prior to capping. Also to be
considered is the choice of cap material and the
method used to place the cap. If erosion of the
material in the CAD is of concern then a coarse
cap may be required. Sand, because of its greater
density, however, may not be the best choice for a
cap over silty, high water content sediments. Slurry
placement of a fine grained, clean silty sediment
could eliminate the need to allow consolidation and
also lessen concerns about impacts of dredge selec-
tion on sediment strength. The relative density and
strength differences between a maintenance silt and
a silty cap would likely result in very little mixing
and effective capping. Though, as learned several
years ago in the New Bedford Harbor pilot project,
mixing of such similar materials can occur if the
cap is discharged with too much energy direcily
near the CAD fill elevation (US Army Corps of
Engineers 1990). Even gradual disposal from a
barge of similar high water content silt sediments
may lessen the need for consolidation.

The Boston Harbor CAD cells represent the
most extensive use of this alternative in the United
States and internationally it is probably second
only to their use in Hong Kong (Whiteside et al.
1996). However, the monitoring that has been con-
ducted on the Boston cells is likely more extensive
than that conducted elsewhere. With the growing
consideration of the use of CAD cells throughout
the world we offer the following suggestions:

* Evaluate whether a cap is necessary and
advantageous. Its benefits may be short-term at
best because of rapid new sedimentation.

* Maximize the strength of the fill sediments by
dredging them as close to in-situ density as
possible. This may include avoiding the use of
hydraulic dredges or water-tight clamshell
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buckets which may introduce excess water into
the sediment.

* Bathymetric surveying is of limited use in
assessing cap thickness, because of the ongoing
elevation changes that occur due to consolida-
tion of the sediments.

* Coring, combined with sub-bottom profiling,
can be an effective means of monitoring cap
success. Together these methods were very
complementary, whereas alone they would
have been much more difficult to interpret.

»  Placement of core locations at intersecting
points of the sub-bottom survey lanes proved
of much greater use than randomly selected
locations.

« Use of gradual cap placement and a tug to
maneuver the hopper dredge are both potential
means to help minimize mixing of cap and the
contaminated sediments.

* Disposal of the silty material into the CAD
cells from hopper or split hull barges can be
accomplished successfully with little impact to
water quality.

* Consolidation times of 5-6 months or longer
may be needed for cells of similar dimensions
and using similar fill and cap materials as in
Boston. However, the length of time to fill the
cell should also be considered. If filling occurs
quickly, longer consolidation times of up to a
year prior to capping may be reasonable.
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PARTICLE CLOUD DYNAMICS

Dynamics of Particle Clouds Related to Open-Water Sediment Disposal
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ABSTRACT: Open-water disposal and capping are promising solutions for disposal of
the 14 to 28 million cubic meters of contaminated sediment dredged annually in the
United States. However, such practices raise concerns about the feasibility of accurately
placing the material in a targeted area and the loss of material to the environment
during disposal.

To investigate the question of sediment loss during disposal, laboratory experiments
were conducted in a deep glass-walled tank using a quick-opening sediment release
mechanism and a specially-designed curtain shade serving as a “sediment “trap”, Both
non-cohesive and cohesive sediments were utilized under a variety of release conditions
(varying initial momentum, water content, initial stirring, etc.). Data consisted of digital
images of particle clouds illuminated by laser-induced fluorescence, and measurement
of sediment mass captured on the trap at various stages of cloud descent. The major
cause for particle loss was observed to be failure of material to be incorporated into the
plume, rather than any observed “stripping” mechanism.

Current particle cloud models employ thermal theory and an integral approach using
constant entrainment (0f), drag (C;) and added mass (k) coefficients. Our aim was to
investigate how real sediment characteristics (particle size, water content and initial

11

momentum) affect cloud behavior and hence time variations in O, Cyp and k.

Key words: particle dispersal, open-water disposal, cloud behavior

INTRODUCTION

Open-water disposal, with or without capping,
is a promising solution for disposing of the 14-28
million m* of contaminated sediment dredged
annually in the United States (NRC, 1997).
However, such disposal raises concerns about the
ability to accurately place sediments (either con-
taminated dredged material or clean capping mate-
rial) in a targeted area, as well as the loss of sedi-
ments to the environment during disposal.

Instantaneously released sediments form
axisymmetric “clouds” resembling self-similar
thermals. Current particle cloud models such as
STFATE (Johnson and Fong, 1995) date back to
Koh and Chang (1973). Most models employ

]Com:sponding auther; telephone: 617-253-6595;
fax: 617-258-8850; email: eeadams @mit.edu

thermal theory with an integral approach using
constant entrainment (spreading rate) (o), drag
(Cd) and added mass (k) coefficients. Our aim was
to see how real sediment characteristics (particle
size, water content and initial momentum) affect
cloud behavior and hence time variations in o, C d
and k, especially in the initial phases of plume
descent of particular relevance to shallow water
sites (see Figure 1). We were also concerned with
the process of cloud formation, and with measur-
ing how much of the material is initially incorpo-
rated into the cloud, as well as how much is lost
during convective descent.

EXPERIMENTS

Flow visualization experiments were conducted
by releasing 40 g (dry wt.) of either non-cohesive
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Figure 1. Phases in the convective descent of an idealized particle
cloud.

glass beads, or cohesive ground silica silt {less
than 36% solids by wt.). Experiments were con-
ducted in an 8-ft-deep glass-walled tank, using a
quick-opening sediment release mechanism and a
window-shade type “trap” mechanism (Ruggaber,
2000). Observations were recorded using a CCD
camera and framegrabber image system for subse-
quent image processing.

Cloud momentum was varied by changing the
height-diameter ratio of the release cylinder, the
cylinder’s distance above the water surface, and the
amount of excess water. Conditions for three
groups of experiments are illustrated in Table 1.
Particle sizes were scaled to real-world dimensions
(Table 2) through the cloud number (N_) defined as
the ratio of the particle settling velocity ws to the
characteristic cloud velocity,

N, = wg r/(B/ip)

where B, r and p are cloud buoyancy, radius and
density (Rahimipour and Wilkinson, 1992).

ANALYSIS

A simple integral-type model was employed to
determine the ability of this class of model to sim-
ulate cloud behavior within the initial acceleration
and deceleration phases. The model solves the

mass, momentum, and buoyancy conservation
equations for a cloud of constant shape using either
constant or time-varying values for a, Cg, and k.
An “inverse” integral model was also developed in
which the conservation equations were solved for
two of the three input parameters {(e.g., 0. and k)
based on measured time variation in cloud velocity
(w) and equivalent radius (r). Based on the inverse
model results, particle cloud experiments were
simulated with an integral model using constant
and time-varying o, Cypand k.

RESULTS FOR MODEL PARAMETERS

Table 3 summarizes results for cloud growth
for the experiments described in Table 1. Non-
cohesive sediments rapidly formed “turbulent ther-
mals” with asymptotic deceleration (w ~ t'?;
Figure 2) and large initial growth rates (0.2 < a; <
0.3). The particles eventually evolved into “circu-
lating thermals” with linear growth rate predicted
by buoyant vortex ring theory (c., ~ B/K*) where K
is the cloud circulation (Ruggaber, 2000). This
transition was observed when the cloud radius had
approximately doubled relative to its initial sub-
merged radius or quadrupled relative to its pre-
release radius. This follows boundary layer theory
and corresponds to field water depths of order 100 m.
In the “circulating thermal” phase, large particles
(N, > 10*) produced laminar-like vortex rings with
significantly slower spreading (0.1 < @, < 0.2),
while the smaller particles maintained close to their
original a values (Figure 3). Changes in water
content and initial momentum produced more vari-
ation in the spreading of cohesive particles as com-
pared with non-cohesive particles.

Inverse integral modeling suggests that C,; and
k are near zero within the “turbulent thermal”
phase. In the “circulating thermal” phase, the reduc-
tion in a caused by the large particles (N >10%)
increased k to a value similar to that of a solid
sphere (~0.5). Integral model results confirm the
suitability of using constant coefficients for model-
ing particle clouds with N < 1074, while for
Nc>10“4, time-varying o and k are required to
properly simulate cloud behavior in the “circulating
thermal” regime.
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Table 1. Conditions for three groups of experiments. Bold entries are varied within each group.

Part. dia. Part. set  Cyl dia. Cyl ht/dia.  Excess  Rel. pos.
Experiment (mm) vel. (cm) ratio H20
{cm/s) (cm®)
Group I Experiments
3.18 cm cyl., dry 0.264 3.2 318 L1 0 AW
3.18 cm cyl., wet 0.264 32 318 1.3 17 AW
4,45 cm cyl., dry 0.264 32 445 0.4 0 AW
4.45 cm cyl., wet 0.264 32 4.45 0.5 17 AW
Group IT Experiments
40 cm® H0, Sus., AW 0.264 32 445 0.8 40 AW
40 cm® Hp0, Sus., BW 0.264 32 445 0.8 40 BW
40 cm® Hp0, Sus., AW 0.264 3.2 4.45 0.8 40 AW
17 cm® HyO, Sus., AW 0.264 3.2 445 0.5 17 AW
Group III Experiments
© 0.024 mm beads, AW 0.024 0.047 445 0.8 40 AW
0.024 mm beads, BW 0.024 0.047 445 0.8 40 BW
0.010 mm beads, AW 0.010 0.0091 445 0.8 40 AW
0.010 mm beads, BW 0.010 0.0091 445 0.8 40 BW

Table 2. N scaling of particle cloud grain sizes between 27 cm>
laboratory volume and barge volumes of 10, 100, 1000 and 5000 m?,

Laboratory Real-world diameter (mm)

Dia. mm) | 1003 100m3  1000m3 5000 m3
0.01 0.027 0.033 0.040 0.045
0.05 0.172 0.221 .290 0.353
(.10 0418 0.572 0.807 1.05
0.50 5.97 13.0 333 64.8
1.00 33.0 83.3 165 258

15. *wmavsus"Aw<
: : : | =+ 40 cm®, Sus., BW
31_4 AR ,. -G-400m3.Set.,AW g
B2 R feeeeeeei| = = 17 o, Bus., AW
o : e ; ; :
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go.s ..............................................
OB i e R
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-02 [} 02 04 0.6 0.8
Log(Time}
Figure 2. Cloud velocity vs. time for Group II Experiments. The
-0.5 slope matches thermal theory.
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: Radius (cm) . .

Figure 3. The entrainment coefficient (spreading rate) for two Group

I Experiments.
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Table 3. Cloud growth parameters for expetiments shown in Table 1. Time t, denotes the onset of turbulence (corresponding approximately to
fully submerged conditions); t. and z_ denote the time and depth associated with the transition to "circulating therrnal™; o, and o, are spreading
rates before and after this transition, and «, r, and r, are equivalent cloud radii before release, at the onset of turbulence and at the transition to

circulation,

Experiment a, ta t{s) (s) Zcm}) T/ TfTe
Group | Experiments

3.18 cm cyl, dry 0.18 0.14 0.5 1.7 39 28 45

3.18 cm eyl wet 017 0.18 027 23 31 33 5.1

4.45 cm cyl., dry 0.20 0.16 0.47 1.3 31 19 4.1

4.45 cm gyl,, wet 0.22 0.14 0.30 13 26 23 39
Group Tl Experimnents

40 cm® H20, Sus., AW 0.27 0.18 0.13 1.0 19 23 3.3

40 e’ H20, Sus., BW 029 0.18 0.40 4 23 20 3.8

40 om® H20, Sus,, AW 0.23 0.16 0.20 14 28 24 3.9

I7 e’ HoO, Sus., AW 0.31 0.19 0.17 L1 22 27 4.0
Group 111 Experiments

0.024 mm beads, AW 0.23 0.12 020 3.0 38 2.8 5.4

0.024 mm beads, BW 0.28 0.20 0.40 27 29 26 435

0.010 mm beads, AW 027 0.20 0.13 52 55 6.8 6.8

0.010 mm beads, BW 0.29 024 027 26 33 4.8 4.8

Figure 4. Sediment trap locations for determining “stem” mass
distribntion for 0.010 mm “BW™ silt experiment.

Loss ofF FINES

Sediment trap experiments indicated that fail-
ure of particles and fluid to be initially incorporat-
ed into the cloud represents the main mechanism
through which sediment is lost to the environment.
Material not initially incorporated into the cloud
formed a narrow “stem” behind the cloud, which
contained as much as 30% of the original mass
depending on the release conditions (see Figure 4).
Sediment collected on traps placed at different
depths relative to the passing cloud showed that
much of the “stem” material was either re-
entrained into the cloud later in descent or reached

the bottom shortly after it. Material not incorporated
into the “stem”, which may be advected by ambi-
ent currents, was found to be only a small fraction
(< 1%) of the original mass.

CONCLUSIONS

Particle clouds transition from an initial
“turbulent thermal” regime to a “circulating ther-

" mal” regime when their radius grows by about a

factor of four relative to the prerelease radius.
Fine particles (N, < 107%) exhibit constant spreading
throughout both regimes characterized by (0.2 < ¢
< 0.3), but significant sensitivity to initial water
content and momentum. Larger particles exhibit a
decrease in spreading from 0.2 < &¢; < 0.3 t00.1 <
o, < 0.2 following the transition. For water depths
greater than about 100 m, this variation should be
included in model simulation. Finally, the major
cause for particle loss is failure of material to be
incorporated into the plume, rather than any
observed “stripping” mechanism.

ACKNOWLEDGMENTS

This study was supported by the MIT Sea Grant
College Program (contract no: NAR6RG(Q074) and
the New England Division of the U.S. Army Corps
of Engineers, through SAIC (contract no: 4400039096).



LITERATURE CITED

Johnson, B.H. and M.T. Fong. 1995. Development and verification of
numerical models for predicting the initial fate of dredged mate-
rial disposal in open water, Repont 2, Theoretical developments
and verification results. Technical Report DRP-93-1. Final
Report, U.S. Army Corps of Engineers Waterways Experiment
Station. Vicksburg, MS.

Koh, R.C.Y. and Y.C. Chang. 1973. Mathematical model for barged
ocean disposal of waste. Environmental Protection Technology
Series EPA 660/2-73-029. U.S. Army Corps of Engineers
Waterways Experiment Station. Vicksburg, MS.

NRC (National Research Council). 1997, Contaminated Sediments in
Ports and Waterways, Cleanup strategies and Technologies.
Committee on Contaminated Marine Sediments. National
Academy Press. Washington, DC.

Rahimipour, H. and D. Wilkinson. 1992. Dynamic behavior of parti-
cle clouds, In Proc. 11th Australasian Fluid Mechanics Conf.
Univ. of Tasmania. Hobart, Australia.

Ruggaber, G 1. 2000. Dynamics of Particle Clouds Related to Open-
Water Sediment Disposal. Ph.D. Thesis. Dept. of Civil and
Environmental Engineering, MIT.

PARTICLE CLOUD DYNAMICS

15



16

PEMBROKE & BAJEK

Disposal of Boston Harbor Sediments into in-Harbor CADS:
Minimal Water Quality Effects

ANN PEMBROKE'

JAMES BAJEK

Normandeau Associates, Inc.
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Bedford, NH 03110 USA

ABSTRACT: Maintenance and improvement dredging of portions of the federal
channels servicing Boston Harbor (MA), as well as adjacent berth areas occurred from
summer 1998 until spring 2000. Maintenance material (approximately 1,000,000 cy) was
found to be unsuitable for unconfined open water disposal during the environmental
impact assessment process. Assessment of disposal alternatives identified areas within
the footprint of the federal navigation channel upsiream of subsurface obstructions
(vehicular tunnels) as the preferred option for constructing deep cells for containing the
dredged silt material. Water quality modeling, using worst-case assumptions, during
the environmental impact assessment process indicated that this type of disposal could
be accomplished with minimal water quality impacts. Permit requirements were
developed to include a water quality monitoring program that tested the various
dispesal scenarios that were anticipated to arise. This paper details the results of the

monitoring program.

The monitoring program included tracking of the turbidity plume that was predicted to
result from disposal from each scow. In addition, various sediment sources {specific
channels and berths) and disposal locations were targeted for turbidity and water
chemistry monitoring. These scenarios were selected to be representative of the typical
project conditions as well as the worst-case conditions. In most cases, the disposal plume
was so negligible that it was difficult to identify. No parameters tested were found to
exceed applicable water quality criteria. It is concluded, therefore, that, as predicted,
maintenance dredging of portions of Boston Harbor was accomplished with no
substantial water quality effects.

Key words: CAD, water quality monitoring, turbidity plume, impact assessment,
contaminated sediments

BACKGROUND

Surficial sediments from the channels and
berths proposed for deepening were extensively
tested for chemical and physical properties, biolog-
ical effects and water column effects during the
developing of the draft EIR/S for the Boston
Harbor Navigation Improvement and Berth
Dredging Project (BHNIP). Results are detailed in
the DEIR/S (Massachusetts Port Authority and

lCtn-responding author: telephone: (603-472-5191);
fax: (603-472-7052); email: apembroke@normandeau.com

U.S. Army Corps of Engineers 1994). Comparison
of chemical and physical results to the
Massachusetts Department of Environmental
Protection (MDEP) standards for assessing dredg-
ing material disposal options showed that most
surface sediments exceeded the allowable limits
for unconfined open water disposal. Further
bioassay testing indicated that the potential for
sublethal effects existed. Thus, it was determined
that none of the surface sediments could be dis-
posed at the Massachusetts Bay Disposal Site.
Excavation of deep cells within the BHNIP
footprint in the federal channels was identified as



the most environmentally sound disposal option
(Massport and USACE 1995). On the plus side,
contaminated sediments would remain near the
source; and, capping would sequester contami-
nants. Some concerns remained, however.
Elutriate results had indicated that some parameters
could be dissolved in the water column during dis-
posal (Massport and USACE 1994). As Boston
Harbor has been experiencing dramatic improve-
ments in water quality as a result of Massachusetts
Water Resources Authority’s (MWRA) activities
(reductions in CSOs, cessation of sewage sludge
disposal), there was a concern that disposal in-
harbor could impair these improvements, even
temporarily.

Water quality effects of disposal in Boston
Harbor were evaluated during the EIR/S process
using a combination of the STFATE and WQMAP
models (ASA 1995). Assuming that disposal of
sediments containing the highest concentrations of
contaminants observed took place in a single loca-
tion in the harbor on a daily basis, the model pre-
dicted that a steady-state would develop in which
an area of slightly increased suspended sediments
and slightly elevated {but below water quality cri-
teria) concentrations of parameters such as copper,
mercury and PCBs would persist until disposal was
completed. Plume dimensions would vary accord-
ing to the tide, with gradual dispersion down the
harbor.

To address the concern that flood tides would
cause waterborne disposed sediments to build wp in
the upper inner harbor and to allow the largest vol-
ume of water for dilution, MDEP required that the
dredger dispose only around high slack tide. In
addition, they established a water quality monitor-
ing plan to assess the areal extent of the influence
of individual and cumulative disposal events.
Various situations triggered monitoring, including:
early disposal episodes in each tributary (Mystic
and Chelsea Rivers), disposal of high volumes of
sediments on a given tide, disposal of the more
highly contaminated berth sediments, and limited
remaining capacity of a cell.

MOoNITORING COMPONENTS

Four types of monitoring were conducted:
areal extent of the turbidity plume, water quality at
the edge of the mixing zone, dissolved oxygen in
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bottom waters above uncapped cells, and bioaccu-
mulation (Table 1). For the turbidity plume track-
ing and turbidity measurements during water quali-
ty monitoring, data were collected using a YSI
6920 wrbidometer interfaced with differential GPS
using HydroPro software that recorded turbidity
and position at one-second intervals (approximately
every 2-5 feet traveled).

Table 1. Monitoring components, as required by the Massachusetts
Department of Environmental Protection Water Quality Certificate.

L Type Description

Turbidity Plume One-two hours post-disposal;

surface, mid (~20-25 ft) - and
|bottom (~40-50 ft) depths;
300 ft upcurrent to 1000 ft
downcurrent

Water Quality See Table 2; all samples
composite of mid- and bottom

water

Near bottom (within 1-2 ft of
substrate) conditions in late
summer-early fall over
uncapped cells

Dissolved Oxygen

Bioaccumulation Long-term exposure to mussels

from dredging and disposal

Water quality monitoring was initiated by
determining the location of the densest portion of
the plume both laterally and vertically along a tran-
sect 300 ft downcurrent of the disposal cell. This
was accomplished by towing a turbidometer along
the transect extending 200 ft beyond the sides of
the cell within three feet of the bottom and in the
middle of the water column. Turbidity, depth, and
DGPS coordinates were displayed and recorded
continuously during these tows. The location of
the highest turbidity readings was reoccupied and
confirmed by collecting a vertical turbidity profile.
Water samples were collected at this site. During
each water quality monitoring event, a series of
five samples was collected (Table 2). Figure 1
shows the layout of the sampling stations for a
typical water quality monitoring event. Water
chemistry results were compared to the water quality
criteria developed by MDEP. Samples collected 0.5
and 1.0 hour after disposal were compared to the
acute criteria. Samples from 4-6 hours after disposal
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were compared to the chronic criteria. Dissolved
oxygen immediately above the bottom was collect-
ed in order to ascertain whether the presence of
exposed silts at depths greater than the surrounding
bottom exacerbated hypoxic conditions commonly
observed in the late summer-early fall in Boston
Harbor.

The potential exposure to resident organisms in
the upper harbor to contaminants released into the
water column by BHNIP activities, including both
dredging and disposal, was evaluated by placing
mussels in various locations surrounding the work
area and at a reference site in the lower inner
harbor. Mussels were tested for bioaccumulation
of selected metals (As, Cd, Pb, Hg) and organics
(PCBs, PAHs) after exposure for a period of two
months.

Table 2. Water quality monitoring program involving dissolved As,
Cd, Cr, Cu, Ni, Pb, Zn; total Hg, PCBs.

Location Time Comments

Reference Prior to disposal Away from infleence
of dredging or previ-
ous disposal

Mixing zone boundary }0.5 hr after disposal |In area of highest

(300 ft dowm-curent of turbidity

cell boundary) 1 hr after disposal

4-6 hrs after disposal [Composite over two

samples at least an
|hour apart

[Reference 4-6 hrs after disposal |Upcurrent of disposal;

composite over two
samples at least an
hour apart

WA FTATE PAVE. IHLAND NANE
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Figure 1. Layout of water quality monitoring stations in the Mystic
River (A) and relation to Boston Inner Harbor (B).

RESULTS

TuUrRBIDITY PLUME

Turbidity rarely exceeded background levels in
near surface waters. This was an expected result
because disposal was from a bottom-opening scow
whose loaded draft was well below the water sur-
face. At mid-depth, turbidity was occasionally ele-
vated, but no clearly defined plume was detectable.

A restricted turbidity plume was typically evi-
dent near the bottom of the water column.
Generally, however, turbidity levels during the
period from one to two hours after disposal (up to
about 30 NTUs) were only slightly higher than
ambient levels (<10 NTUs) in bottom waters.

WATER QUALITY

Water quality sampling was the most extensive
component of the monitoring program. Of the
variables monitored, several (arsenic, cadmium,
and nickel) were never detected, despite laboratory
detection limits well below (0.5 to 3 orders of
magnitude) the chronic water quality criteria levels.
Total PCBs were only detected in 3% of the sam-
ples tested. Most metals were observed frequently
at the reference station and the edge of the mixing
zone (Table 3). Dissolved lead and total mercury
were detected more frequently in the samples at the
edge of the mixing zone than in the reference sam-
ples, suggesting that disposal activities could have
resulted in some release of these chemicals. No
metal was found in concentrations that exceeded
acceptable water quality conditions (Table 4).

Because disposal at high tide was found to
have limited effects on water quality, MDEP
allowed the dredger to dispose of sediments at low
tide, provided water quality effects were docu-
mented. Results were similar to high tide disposal
- no parameter tested was found to exceed appro-
priate water quality criteria.

DiIsSOLVED OXYGEN
The original Water Quality Certificate required
that disposal cells be capped with sand in two

weeks to two months following final disposal.
Initial capping etforts indicated, however, that



Table 3. Frequency of detection for variables tested during BHNIP
monitoring,

Variable [Pre-dump |+ 0.5 hr [+1.0 hr [+4-6 hr [+4-6 hr
Reference Reference
Cr 60% 40% 40% | 0% 40%
Cu 46% 15% 0% 3% 0%
Pb 69% 2% 2% | 85% 77%
Hg 77% 35% 02% | 7% 71%
n 80% 80% { 100% | 80% 100%

(percentage of times detected out of a possible 13 monitoring events
except Cr and Zn which were monitored onty during five berth sedi-
ment disposal events)

Table 4. Range of concentrations (ug/1) of frequently observed vari-
ables compared to MDEP water quality criteria.

Variable Pre- |[+0.5 hr|+1.0 hr| +4-6 hr | +4-6 hr
dump Reference
Reference
Pb 006- [007-]1007-]|<005—-] 0.05-
0.13 028 | 029 0.15 0.26
Pb criterion nfa 210 8.1 n/a
(acute) {chronic)
Hg <0.005- |<0.005-]<0.005-] <0.005- { <0.005-
0.015 | 0.036 | 0.032 | 0.016 0.017
Hg criterion n/a 1.8 0.02§ n/a
{acute) (chronic)
Zn 22-32]<20-f23-| «20-]22-31
59 32 4.1
Zn criterion n/a 90 81 n/a
(acute) (chronic)

capping could be accomplished more effectively if
the disposed sediments were allowed a longer peri-
od for consolidation prior to sand placement.
Several cells remained uncapped during the late
summer-early fall in 1999, a period when Boston
Harbor has often experienced hypoxic conditions.
Because the uncapped cells were several feet deep-
er than the adjacent harbor bottom, there was con-
cern that they could create pockets of exceptionally
low dissolved oxygen. From August through
October, however, dissolved oxygen in bottom
waters over the cells followed a similar pattern to
that at several reference locations. Bottom dissolved
oxygen was lowest in late September at all stations,
between 4 and 5 mg/L. Vertical profiles collected
during late September indicated that the greatest
decrease occurred within the top 20 to 30 feet of
the water column. From about 30 feet to the bottom,
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dissolved oxygen was stable ranging from about
4.5 to 5 mg/L.

BIGACCUMULATION

Mussels were deployed in the Mystic River for
a period of two months about 1000 ft west of the
end of the federal channel (stations M1 and M2)
and about 1000 (station M3) to 2000 ft (station
M4) east of easternmost disposal cell, as well as at
a reference station about 1 mile down harbor from
the Mystic River. During this period, dredging and
disposal were actively occurring within the Mystic
River channel.

Analysis of variance was used to compare tis-
sue concentrations of arsenic, cadmium, lead, mer-
cury, total PCB, and total PAH across stations.
Cadmium was not detected in any sample. There
were no significant differences in mercury concen-
trations among stations. Results for the other
variables are shown in Table 5.

DISCUSSION

In general, the results of the water quality
monitoring program support the conclusion of the
predictive modeling that water quality of Boston
Inner Harbor would not be substantially impaired
by disposal activities, although the observed plume
was much smaller than predicted and it did not pez-
sist. Part of this result can be attributed to the fact
that disposal activities did not unfold exactly as
assumed for the model. In particular, in-harbor
disposal did not occur on a daily basis for the dura-
tion of the project because that was not the most
efficient operating mode for the dredger. In addition,
many barges contained a lower volume of sediments
than assumed. The sediment quality assumed for

Table 5. Results of ANOVA comparing mussel tissue concentrations
of selected variables. The sampling stations are listed in order of
decreasing concentration; underlined stations are statistically similar.

Variable Significant Differences
Arsenic Ref M4>MI1>M2>M3
Lead M3>M4 M2 Ref MI
Total PCBs M1 M2 M4 M3 Ref
Total PAHs M1 M2>M4 M3>Ref
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the model was worse than typical conditions.

The mussel study did show some bioaccumu-
lation of arsenic, lead, PCBs and PAHs. Within the
harbor there are other potential sources of chemicals
that may influence mussel tissue concentrations.
Tissue concentrations of arsenic were highest at the
reference site, suggesting an in-harbor source. The
highest lead levels were at station M3 and M4,
located near the Tobin Bridge, which is painted
with lead paint. The highest lead level observed in
this study was nearly an order of magnitude lower
than levels observed at the MWRA reference station
(in the lower inner harbor) in 1996 (Mitchell et al.
1997). Both PCBs and PAHSs exhibit a down-river
pattern, suggesting that the ultimate source was
farther up the Mystic River. Levels of total PCBs
in mussels at this study’s reference stations were
similar to those observed at the MWRA reference
station in 1996. Total PAH levels at the BHNIP
reference station were lower than at the MWRA
reference station in 1996.

In conclusion, the use of in-harbor CADs was
an effective method for disposal of contaminated
sediments in Boston Harbor. Water quality impacts
were minimal and did not persist substantially
beyond the immediate disposal event, as evidenced
both by the water quality monitoring and the bioac-
cumulation study. Uncapped cells appeared not to
compromise near-bottom water quality.
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Experimental Investigation of Strength Development in
Dredged Marine Sediments
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ABSTRACT: Placement of a sand cap imposes impact and static leads on the
underlying dredged material. Successful capping requires that the dredged materials
consolidate for a time sufficient to develop the necessary strength to support the cap.
Hence it is of critical importance to understand the process of shear stremgth
development in weak sediments.,

The research effort presented here is designed to investigate the consolidation and
strength development behavior of Boston Harbor sediment in different effective stress
regimes. The tests are performed on the sediment extracted from Reserved Channel,
with natural water content of about 160%. The range of effective stress spans from
0.1 g/cm’ to 3000 g/cm’, which corresponds to the depth range from zero to 300 feet in
a sub-aqueous deposit of the dredged material. Consolidation is progressively carried
out under self-weight conditions, surcharge conditions, and finally in a Constant Rate
of Strain (CRS) Test. The Automated Fall Cone Device is nsed to measure the shear
strength of the sediment.

The results show that above a certain value of effective stress, the shear strength at a
given effective stress is independent of the thixotropic effect and the initial water
content. Below this value of effective stress, a consolidation model may be used in
conjunction with our data to estimate the shear strength for a dredged material as a
function of consolidation time and initial water content. This method for the estimation
of shear strength provides a basis for developing the guidelines for the optimal timing
of cap placement.

Key words: capping, shear strength of weak sediments, consolidation, CAD

INTRODUCTION

The technique of Confined Aquatic Disposal
(CAD) capping is often utilized for sequestering
contaminated marine sediments. It involves exca-
vation of subaqueous borrow pits which are subse-
quently filled with contaminated material and then
capped with clean sediment. A CAD cell 500 ft
long, 200 ft wide, and 40 ft deep was excavated,
filled, and capped in a water depth of approximately

ICorresponding author; telephone: 617-253-2721;
fax: 617-258-8850; email: osm@mit.edu

40 ft, as a trial project in Phase I of the Boston
Harbor Navigation Improvement Project (ENSR,
1997). Extensive monitoring of the sand cap and
an investigation of its performance in this project
served to emphasize the need for better under-
standing of some critical aspects of capping
process. The lack of adequate knowledge of the
geotechnical properties of the dredged material
was identified as a major issue of concern (SAIC,
1997).

Figure 1 shows a schematic diagram of a
capped CAD cell. A successful capping operation
requires that the underlying material has enough
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Figure 1. Schematic of a capped Confined Aquatic Disposal (CAD)
cell.

shear strength to support the load of the overlying
cap. Since the processes of dredging, transport, and
deposition effectively remold the dredged material,
its strength in the freshly-deposited state in a CAD
cell is lower than its in-situ strength prior to dredg-
ing. With the passage of time, the shear strength of
this material increases. If a cap is placed before it
has developed the strength required to support the
load, the cap will sink through the weak material
and fail. On the other hand, the polluted dredged
material continues to release contaminants into the
water column during the time it stays uncapped.
The cap, therefore, should be placed as soon as the
dredged material is strong enough to support it, but
no sooner. A related issue is the mode of cap place-
ment, i.e., whether the cap is placed in one opera-
tion or in incremental layers. To ascertain the prop-
er cap-placement mode and timing from the prop-
erties of a given dredged material, a methodology
is required that is based on the knowledge of shear
strength development in dredged sediments.

Freshly-deposited dredgings are a fluid-mud
mixture at high water content, with strength char-
acteristics that are known to be markedly different
from those of the compact soils. The undrained
shear strength of these materials can be lower than
1 g/em? (1 g/em® = 98 N/m?), and hence their clas-
sification as soft sediments.

This paper describes the difficulties in meas-
urement of very low values of shear strength, and
presents sample results obtained with the
Massachusetts Institute of Technology Automated
Fall Cone Device, a technique that enables meas-
urement of shear strength as low as 0.03 g/cm?,

UNDRAINED SHEAR STRENGTH

The bearing capacity for a sediment foundation
is defined as the mean total stress on its load-bear-
ing surface when this surface is at the point of col-
lapse. A cap is expected to be stable when the
loads imposed by it on the underlying material are
smaller than the bearing capacity of this material.
In subaqueous capping projects where the underly-
ing dredged material consists mainly of clay frac-
tions, the consolidation time for the underlying
deposit is much greater than the cap loading time.
The situation, therefore, corresponds to undrained
loading and the sediment strength in this case
depends mainly on pre-load conditions.
Furthermore, the cap material is often dispersed on
the dredged sediment (with the use of a split-bot-
tom barge, for example) and does not penetrate the
underlying material. The bearing capacity, q,,, in
this case is given as a direct function of the
undrained shear strength of the underlying material:

qy=cyN¢

if the undrained shear strength, ¢y, 1s assumed to be
constant in the underlying deposit. N_ is a dimen-
sionless bearing capacity factor (Lambe and
Whitman, 1969).

The actual value of undrained shear strength in
a sediment deposit is a function of both depth and
time. Strength increases with depth, due to increase
in vertical effective stress. The depth profile of
strength changes with time, and this time-related
increase in strength is known to be a complicated
process that depends upon, among other things,
water content as well as the magnitude of effective
stress (Zreik, 1994). It is acknowledged that two
different mechanisms contribute to the gain in
shear strength of sediments. The first is the consol-
idation-related strength gain, which is the result of
solid particles coming closer as the pore water is
squeezed out of the deposit. The second contribu-
tion comes from thixotropy, which is defined as the
reversible time-dependent increase in strength of
the material occurring under conditions of constant
composition and volume (Mitchell, 1960).

Notwithstanding a wide range of situations
where the shear strength of soft sediments is an
important parameter, literature concerning this
subject is scant. In comparison, the state-of-art in



understanding and predicting the strength behavior
in classical soils is quite well developed (Ladd and
Foott, 1974; Sheahan et al., 1996). The discrepancy
is explained by the difficulties encountered in
measurement of very low values of strength.

MEASUREMENT OF STRENGTH IN SOFT SEDIMENTS

The devices most commonly used for strength
measurements in soils are the shear vane and the
fall cone penetrometer. Both are index tests and are
able to measure shear strength of either undisturbed
or remolded sediments. These tests are simple and
quick, and can be performed on samples that are
still in the coring tubes or barrels, thus preserving
to a large extent the in sizu water content. The low-
est measurable strength for both these devices is in
the range of 1-5 g/cm? (100-500 N/m2). A fall cone-
type device is preferred for measurement of shear
strength in soft sediments because a lab vane can-
not measure very low values of strength (<1 g/cm?),
due to the inability to measure very small torques
(Zreik et al., 2000). Furthermore, a fall cone device
can provide a depth resolution of less than 1 cm,
compared to 1.3 to 3.3 cm for the lab shear vane.

A modification of the traditional fall cone
device was developed by Zreik (1991) for meas-
urement of soil strength values as low as 0.03
g/cm’ (3 N/m®). Figure 2 shows a schematic repre-
sentation of the Automated Fall Cone Device
(AFCD). It essentially consists of a precisely
machined and weighted cone that is initially posi-
tioned such that its tip just touches the sediment
surface. The cone is allowed to fall and penetrate
the sediment sample under its own weight for a
specified amount of time. The soil shear strength is
inversely proportional to the square of the penetra-
tion depth. According to Hansbo (1957), the
undrained shear strength, ¢,» is given by:

¢, =k(W/d2)

where W is cone weight, d is cone penetration, and
k is a constant depending on the cone shape,
Values of k for different cone angles are suggested
by Houlsby (1982), based on a detailed theoretical
analysis of the motion of a cone penetrating the
horizontal surface of a soil.

The measurement system of AFCD is based on
an AC-DC transducer. The cone is threaded to the
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Figure 2. Schematic of the Automated Fall Cone Device (AFCD).

transducer core and this arrangement allows the
measurement of cone displacement as a voltage
output readable on a voltmeter. The release and
clamping of the cone are controlled with an elec-
tronic timer. A pulley with a counterweight system
allows the use of cones with a very small effective
weight, thus enabling measurement of low values
of undrained shear strength.

SAMPLE RESULTS

Remolded shear strength of kaolinite was
measured at different water contents, For purpose
of these tests, dry kaolinite powder was mixed with
distilled water and the resulting paste was left to
hydrate for one day. Distilled water was uniformly
mixed into this paste to achieve the desired value
of water content. Care was taken 10 minimize air
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Figure 3. Variation in undrained shear strength of remolded kaolinite
with water content.
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entrapment during mixing.

Six to eight strength measurements were taken
with the AFCD for each value of kaolinite water
content. The average values of undrained shear
strength are presented in Figure 3. The error bars
enclose the interval of one standard deviation on
each side of the mean value of the measurements.
The figure also shows the results obtained by Zreik
(1994) on the same material. The resulting compar-
ison indicates excellent repeatability of AFCD
measurements.

Strength measurements were also performed on
the sediment retrieved from Reserved Channel in
Boston Harbor, a site that was dredged under the
Boston Harbor Navigation Improvement Program
(BHNIP). This sediment was homogenized and
characterized prior to testing. Table 1 shows the
remolded shear strength of Reserved Channel sedi-
ment at three different water contents.

These measurements adequately demonstrate
the reliability of the Automated Fall Cone Device
in measuring very low values of undrained shear
strength of sediments. This capability is the basis
of an experimental research program currently
underway at the MIT Geotechnical Laboratory,
with the objective of understanding the process of
strength development in consolidating dredged
materials. Specifically, it aims to ascertain the
relative contributions of effective stress and
thixotropic strength gain to the total undrained

Table 1. Variation of undrained shear strength of remolded kaolinite
with water content.

Water Content | -2~ Shear strength | o dard Deviation
(g/cm?)
150% 0.45 0.037
200% 0.23 0.021
250% 0.17 0.019

shear strength. This understanding will provide the
crucial input for modeling of strength development
in consolidating dredged sediments.
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ABSTRACT: A numerical model has been developed to simulate near-bed velocities
generated by ships’ propulsion. The model incorporates theoretical descriptions of the
geometry and velocity structure in a momentum jet. Field measurement programs have
recently afforded the opportunity to validate the model. The model is a reliable tool for
estimating the velocity at specified distances from the bottom. Its application is suited
for determining potential for sediment suspension, and for design of a stable cap

overlying erodibie sediments,

Key words: propwash, CAD, bottom velocity, bottom scour, sediment suspension

INTRODUCTION

Confined Aquatic Disposal (CAD) sites are
often located in open water and are usually sub-
Jected to effects of passing deep draft vessels, tugs,
and small craft. Evaluating the hydrodynamic
forces on surface sediment and the sediment cap is
critical to CAD design. Integrity of the sediment
cap is essential to the success of a Confined
Aquatic Disposal site in preventing dispersal of
sediments contained within the CAD. The follow-
ing describes the development and application of a
numerical tool for calculating near-bed velocities
generated by a ship’s propulsion and the resulting
potential for scour of bottom sediments.

A numerical model is required to investigate
vessel effects for many applications. The JET-
WASH model was developed to operate with input
of sediment and propulsion characteristics and
water depth, and to output velocity at a given dis-
tance aft of the vessel and radially from the velocity
jet centerline, or at a known distance above the
bottom. Examplie applications of the model are to
evaluate:

* Potential for vessel operation to harm marine
plants, such as eelgrass;

»  Suspension and transport of fine sediments
that would degrade nearshore habitat; and

lComesponding author; telephone: 425-921-1703;
fax: 425-744-1400; email: vladimir@piengt.com

* Penetration of a sediment cap that is intended
to isolate the underlying material.
Increasing concerns about sediment quality in
marine industrial areas and habitat preservation for
endangered fish species in Puget Sound
(Washington State) was the impetus for develop-
ment and testing of a model that could quantify
hydrodynamics and sediment transport in the above
listed applications. The writers coded formulas
published in the engineering literature into a calcu-
lation model named JETWASH. Planning and
environmental studies for maintenance activities by
marine carriers provided opportunitics to make
field measurements that served to validate the JET-
WASH model.

THEORETICAL Basis oF MODEL

Researchers have advanced mathematical
descriptions of the velocity field generated by jets
discharging into a fluid body and by propellers
rotating in a fluid. Formulas developed by
Albertson et ai. (1948), Liou and Herbich (1976),
Blaauw (1978), Verhey (1983), Fuerher et al.
(1987) describe the velocities and geometry of the
turbulent jet as it expands into a volume of water.
The structure of the water velocity is described
mathematically in two zones (Figure 1). The initial
velocity is calculated from details of the propeller
and persists in the zone directly behind the pro-



26  SHEPSIS & SIMPSON

peller. The core of initial velocity in this first zone
is unaffected by transfer of fluid momentum to the
surrounding water. Downstream from the first
“zone, water velocity is developed through transfer
of momentum from the core of initial velocity to
the surrounding water. The edge of the cone of
expanding turbulence in this second zone experi-
ences lower velocity than the centerline, and the
centerline velocity diminishes with increasing dis-
tance from the source,

Figure 1. Geometry of initial velocity zone and momentum jet
formed by the propulsion system,
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Hydrodynamic research shows that the velocity
required to move sediment particles in water
depends on several parameters. Succinet combina-
tions of the pertinent parameters are the Shield’s
parameter (a ratio of the threshold boundary shear
stress to the immersed weight of a sediment parti-
cle) and the boundary Reynolds number (a ratio of
inertial forces to viscous forces acting on the parti-
cle comprising the bottom). Cheng and Chiew
(1999) developed relationships between these two
parameters for the case of suspended load. Their
results yield the shear velocity corresponding to the
initiation of suspension of sediment particles hav-
ing a given diameter. Flow causing suspension of
sediment particles initially at rest is termed the
scouring velocity. The flow velocity at a selected
distance above the sediment bed necessary to sus-
pend a given size sediment in the flow is deter-
mined from the critical shear velocity and the
equation for the logarithmic velocity distribution in
a fully turbulent, hydraulically rough boundary
layer (Middleton and Southard 1984, p. 152).
Modeled or measured velocity can then be com-
pared with the theoretical suspension velocity (in the

absence of sediment concentration measurements)
to determine if the threshold for suspension is
exceeded in the particular conditions.

Research reported by Hamill (1988) provides a
means of calculating scour depth in bottom sedi-
ment by a propeller. Empirical relationships devel-
oped by Hamill among initial velocity, propeller tip
clearance above the bottom, duration of exposure
to the propwash, propeller diameter, and sediment
size were formulated to calculate the maximum
scour depth.

FIELD MEASUREMENTS

A coefficient describes the spread of the
momentum jet in the fluid, or the angle of the edge
of the jet with respect to the centerline. The coeffi-
cient has been evaluated by several researchers
with laboratory and limited field studies. Pacific
International Engineering conducted field data col-
lection to validate the model with measured veloci-
ties and known propulsion characteristics.

Data COLLECTION

Velocities were measured at the bottom with an
Acoustic Doppler Velocimeter (ADV), which
relayed data through a cable to a computer aboard
a small survey boat anchored nearby. Figure 2
shows the weighted instrument frame on which is
mounted an ADV, a video camera, and compass.
Figure 3 shows one measurement site marked with
buoys. A Global Position System (GPS) unit was
mounted on board the test boat above the propeller
or jet pump nozzle for recording position. The test
boat position data were time stamped as they were

Fi 2. Velocity meter mounted on frame and susn om
boat davit (before deployment on the bottom).



igure 3. Test area marked with buoys and survey boat at anchor.

recorded on a computer aboard the test boat. The
captain was directed to move the boat directly over
the velocity meter during the tests. The goal was
to capture the direct flow of the velocity jet as fully
as possible. As a test run began, the start time and
mancuver to be simulated were communicated
between the survey boat and the test boat by radio.
Engine rpm was monitored in the wheelhouse of
the test boat and manually entered on the computer
that recorded the GPS signal. The velocity was
measured 25 cm above the bottom. The horizontal
and vertical components of velocity were sampled
at 0.04-second intervals. Velocity data were record-
ed through a cable on the survey boat computer,
which was also synchronized with the GPS signal.

DATA PROCESSING

The horizontal and vertical components of
measured speed were combined, resulting in a time
series of speed for each test. The peak bottom
velocity is of interest because that is the quantity
that is most critical to determine the potential for
scouring of bottom sediments. The velocities
determined at 0.04-second intervals were converted
to a 1-second-average velocity time series. The
duration of the period of high velocity indicates the
length of time during a particular maneuver that
potential bottom-scouring conditions could persist
if a threshold velocity was exceeded. Synchronous
boat position, engine speed, and bottom velocity
data reveal conditions under which a particular
velocity pattern is generated. One example of a
velocity time series is shown in Figure 4.

MODEL VERIFICATION

Boat and propulsion characteristics and site
conditions were input to the JETWASH model.
Model output is summarized as a graph of velocity
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at a distance of .83 fi (25 cm) above the boitom
that would be experienced at given distances
behind the boat. The coefficient that describes the
expansion rate of the momentum jet was deter-
mined to be 0.3 using velocity measurements of a
pair of ADVs separated by 12.5 ft (3.8 m) mounted
on a vertical. Separate velocity measurements,
made 0.83 ft (25 cm) above the bottom, were used
for model verification. Figure 5 is a graph of sim-
ulated velocities for the conditions represented in
Figure 4. The measured peak near-bottom veloci-
ty indicated in Figure 4 is 1.1 feet per second (33.5
cm per sec). The simulated peak near-bottom
velocity indicated in Figure 5 is 1.05 feet per sec-
ond (32 cm per sec). Other runs involving both
propeller- and jet pump-powered vessels were sim-
ulated. The average velocity agreement, expressed
by measured minus modeled as a fraction of
measured velocity, is —0.1, which is judged to be



28 SHEPSIS & SIMPSON

good agreement.

The underwater video did not indicate signifi-
cant sediment disturbance, although that provides
only a qualitative evaluation at best of the sediment
suspension calculations. The velocity necessary to
suspend sediment of a given size was calculated as
described above for the test conditions. Results are
listed in the table below. The measured and mod-
eled velocities do not exceed the velocity for sus-
pension of bottom sediments of the sizes down to
very fine sand. The comparison confirms at least
qualitatively that the simulated velocity magnitude
and the procedure for estimating suspension of bot-
tom sediments by near-bottom velocities generated
by vessel propulsion are correct for this type of
application.

Table 1. Velocity to suspend sediment of given size.

Mean Sediment | Velocity at Reference Height Above Bed*
Diam. (mm

mnysec fi/sec

2176 7.14

1550 5.22

1 1007 331

05 675 222

0.25 569 1.87
0.125 496 1.63

*Reference he:'iglht is 0.83 ft above bottom
Simulated conditions are Puget Sound water

APPLICATION

The JETWASH model has been applied at sev-
eral locations for purposes of design and environ-
mental effects investigations. Example applica-
tions in Puget Sound are:

+  Colman Dock Resuspension Study—
Investigated potential for resuspension of con-
taminated bottom sediments near a ferry dock.

*  Vashon Island Eelgrass Disturbance Study—
Investigated the conditions under which ferry
operations would dislodge eelgrass from the
bottom.

*  Southworth and Kingston Ferry Terminals—
Investigated bottom scour and transport of fine
sediments onto eelgrass beds in the vicinity of
proposed ferry docks.

* Foss and Hylebos Waterways—Aided in design

of sediment caps to confine contaminated sedi-
ments in a deep-draft waterway.

*  Mukilteo Passenger-Only Ferry — Aided in
selection of vessel for temporary use as ferry
that would not cause disturbance of bottom
sediments.

SUMMARY

A numerical model was developed and verified
for simulating the velocity pattern in a jet created
by a ship’s propulsion system. A calculation pro-
cedure was developed for determining the thresh-
old size of sediment suspended in a specified flow
ficld. Observation of the bottom showed the sedi-
ment suspension calculation procedure is accurate
in predicting sub-threshold conditions. Further
research can confirm the accuracy in scouring
conditions.
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ABSTRACT: Sediment samples were collected from one of the Boston Harbor in-
channel confined aguatic disposal (CAD) celis prior to and after cap placement in order
to evaluate the geotechnical behavior of the dredged material. Core and grab samples
were intensively sampled to assess a smite of physical properties that would allow
assessment of the change in strength of material resulting from hoth self-weight
consolidation and the overlying load of the sand cap. The data indicated that the in situ
cohesion and strength of the sediment were altered by the dredging process, resulting in
sediment with high water content and low shear strength. There were no significant
differences in sediment properties following five months of self-weight consolidation,
whereas the most significant change was an increase in shear strength of the dredged
material after capping. In the short-term, results can be used to develop field protocols
to assess sediment strength in future CAD projects; in the long-term the data will be
useful in developing quantitative guidelines for assessing geotechnical “cap-readiness”
of disposed dredged material in a confined environment,

Key words: consolidation, shear strength, CAD, bulk density, core logger, multibeam, Boston
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Harbor, MA

INTRODUCTION

The Boston Harbor Navigation and
Improvement Project (BHNIP) has provided an
opportunity to evaluate the efficacy of capping
dredged material considered unsuitable for off-
shore disposal in a confined sub-channel environ-
ment. In order to evaluaie the critical geotechnical
properties that determine the “cap-readiness” of
dredged material in a confined setting, a series of
surveys were conducted on confined aquatic dis-
posal (CAD) cell M2 in the Mystic River.
Geotechnical cores, grab samples and muitibeam

1Comespc»nd.ing author; telephone: 401-847-4210;
fax: 401-849-1585; email: walterp @mtg.saic.com

bathymetry were collected during multiple phases
of the project. First, samples were collected from
the Mystic River to represent in situ sediment
prior to dredging. Sediment samples were also col-
lected during disposal from the transport barge.
Finally, samples were collected from cell M2 a)
after deposition of the dredged material; b) prior to
the placement of cap material; and c) after place-
ment of the cap material.

Capping has been used to confine contaminat-
ed sediments in offshore environments, showing
that lower density fine-grained sediments can suc-
cessfully be covered with higher density sand
(e.g., SAIC, 1995; Poindexter Rollings, 1990;
Silva er al., 1994). Empirical geotechnical data
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collected from these capping projects have indicated
that the disposed dredged material had consolidated
sufficiently to a bearing strength capable of main-
taining a capped stratigraphy. However, no quanti-
tative data existed, to provide guidance on how to
determine when sediments have sufficient strength
to be capped, and what geotechnical measurements
were necessary to determine cap-readiness.

Due to the differences in the geotechnical
framework of the in-channel CAD cell and that of
the open-water capped sites, a lack of predictive
data hindered the ability to design the operational
parameters that would optimize capping success.
Hence, early results from the BHNIP showed that
due to the geotechnical nature of the dredged sedi-
ments increased consolidation time and modified
operations would be required for successful cap-
ping of a CAD cell. However, the amount time
required to allow the sediments to consolidate to a
state of cap-readiness was essentially unknown.
Through integration of multiple survey techniques
{(i.e. multibeam bathymetry; subbottom profiling;
geotechnical analysis of sediments; and detailed
knowledge of material placement) and the use of
geographic information system (GIS) tools, a better
perspective of CAD cell dynamics was gained.

THE BosTON HARBOR NAVIGATION IMPROVEMENT
ProOJECT

A more detailed overview of Boston Harbor
Navigation Improvement Project (BHNIP) and the
geotechnical investigation are included in a sum-
mary report submitted to the U.S. Army Corps of
Engineers (USACE) Waterways Experiment
Station (WES) (SAIC, 2000). The main ship chan-
nel, three tributary channels (Mystic River, Chelsea
River, and Reserved Channel), and several termi-
nals and berths in Boston Harbor were deepened as
part of the BHNIP through the spring of 2000
(USACE and Massachusetts Port Authority, 1995).
The BHNIP was a joint project between the
USACE, New England District (NAE) and the
local sponsor, the Massachusetts Port Authority
(Massport). The first phase of the project was con-
ducted in the summer of 1997 when Conley
Terminal was dredged (ENSR, 1997). In the sum-
mer of 1998, the second phase of BHNIP was con-
tracted to Great Lakes Dredge and Dock (GLDD,
Oak Brook, IL), for the 1998 filling of CAD cells

M4, M35, and M12; the 1999 filling of cells M2 and
Super Cell; and the completion of cells M8-11 and
M19 in Spring 2000. Funding for the Geotechnical
Investigation of CAD cell M2 was provided by the
USACE Monitoring Completed Navigation
Projects (MCNP) program, which supplemented
monitoring efforts sponsored by NAE and
Massport.

GEOTECHNICAL INVESTIGATIONS OF CAD CELL M2

Following the experience from the first three
CAD cells constructed during Phase 2, several
operational changes were made to the capping
process, including increasing the time allowed for
consolidation. In addition, a plan was devised for
additional studies to be conducted on a typical in-
channel CAD cell. To this end, the sediments being
placed in CAD Cell M2 were sampled and evaluat-
ed for engineering properties during several phases.
Samples were collected prior to dredging (In Situ
Survey), during transport (Barge Sampling), imme-
diately after placement in the CAD cell (TO
Survey), immediately prior to capping (T1 Precap
Survey), and after capping (Postcap Survey). This
paper will primarily address CAD Cell M2 and the
behavior of the material at the various stages of the
geotechnical investigation.

Several factors challenged the conventional
wisdom related to capping dredged sediments.
First, the material disposed in the CAD cells con-
tained high volumes of pore water. Second, the
BHNIP CAD cells were dredged in a lithology
calied Boston Blue Clay (BBC) which is highly
cohesive and impermeable. Geotechnical studies
conducted at open water disposal sites have shown
that dredged material deposited on the seafloor
goes through a stage of self-weight consolidation,
and then is further compressed by successive layers
of cap material placed on top of it {e.g., Poindexter
Rollings, 1990; Silva et al., 1994). In the case of
the BHNIP CAD cells, sequential bathymetric sur-
veys showed an initial phase of rapid
consolidation. But after the initial height change,
further consolidation was restricted by a lack of
ability for side and bottom advective flow {escape)
of pore water due to the nature of the BBC in
which the CAD cell existed. Thus, timing of con-
solidation was an issue, as well as providing quan-
titative data that could be used in other projects to



indicate when the sediments would be ready to
accept cap material.

CHRONOLOGY OF THE GEOTECHNICAL
INVESTIGATIONS

In June 1999, samples were collected from the
Mystic River to represent in situ sediment prior to
dredging. Sediment samples were also collected
during disposal from the transport barge. Finally,
samples were collected from cell M2 a) after depo-
sition of the dredged material, June 1999; b) prior
to the placement of cap material, October 1999;
and c) after placement of the cap material
December 1999.

METHODS

SAMPLE COLLECTION AND PROCESSING

The in situ (Mystic River, MR), T, and T, sur-
veys included gravity cores and sediment grab
samples, collected by SAIC (Newport, RI).
Twenty-foot vibracores were collected by GLDD
and Ocean Surveys, Inc. (OSI} in support of the
Postcap survey and delivered to SAIC for postpro-
cessing. Laboratory processing included the use of
a Multi-Sensor Track (MST) core logger at the
University of Rhode Island’s Graduate School of
Oceanography (GSO). The core laboratory was
used to log the whole cores collected as part of the
MR, T, T; and Postcap surveys. The same core
logging procedure was used for all core surveys,
Measured parameters included density, magnetic
susceptibility, and P-wave velocity. Additional
information on the individual MST measurements
can be found on the Internet at the following
address:
http://www.odp.tamu.edu/publications/tnotes/tn26
(Blum, 1997; Physical Properties Handbook,
Ocean Drilling Program Technical Note 26, Texas
A&M University). After logging, all cores were
split, visually described, and digitally phtographed.
Sediment sub-samples were collected by SAIC
technicians and sent to Applied Marine Science,
Inc. (AMS) in League City, Texas. Samples were
collected from both the cores and grabs and ana-
lyzed for physical property measurements, including
wet bulk density (EM 1110-2-1906), water content
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(ASTM D2216), grain size (ASTM D422), specific
gravity (ASTM D854), and Atterberg limits
(ASTM D4318 wet multipoint procedure).
Geotechnical technicians at GSO’s Marine
Geomechanics Laboratory (MGL) conducted shear
strength analyses on split cores. The MGL. also
conducted consolidation and permeability analyses
not reported here.

RESULTS AND DISCUSSION

SEDIMENT PROPERTIES OF THE MYSTIC RIVER AS
COMPARED TO DREDGED SEDIMENTS

The sediments collected from the Mystic River
(MR) near the area that was dredged consisted pri-
marily of very dark gray to black silty clay, with a
minor amount of sand (<10%). The sediments dis-
played high water content, ranging from 82-212%
(average 143%). The material commonly had a
“bubbly” appearance, consistent with the lack of P-
wave data, suggesting the presence of gas
(methane) within the upper sediments. Log data
showed that the sediments did have internal strati-
graphic structure.

One of the goals of the geotechnical investiga-
tions was to evaluate how the process of dredging
changes the engineering characteristics of sedi-
ments. Hydraulic dredging has been found to
remold the sediment, thereby changing the geot-
echnical properties from the original in siru values
(Poindexter Rollings 1990). Although the BHNIP
dredged material was removed using mechanical
methods (closed clamshell), the dredging process
appeared to have altered the sediment’s inherent
strength characteristics. Atterberg limits data for
the MR sediments, along with data from the barge,
Tq» Ty and Postcap surveys, were compiled into
Casagrande’s plasticity chart that shows the rela-
tionship between the liquid limit and plasticity
index relative to standard soil classifications
(Figure 1). The plasticity chart provides an indica-
tion of the physical state of saturated sediment,
ranging from plastic to liquid states as a function
of the natural water content.

Most of the samples collected from this project
represent inorganic clays of high plasticity.
However, the samples collected from the MR cores
displayed liguid limit values (LL) of >100% and
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Figure 1. Plasticity chart for five survey stages, showing the Atterberg
limit data relative to the “A-line” soil classifications.

plasticity index (PI) values of >50, while almost alt
of the samples collected from both the barge and
cell M2 were less than 100% LL and 50% PI
(Figure 1). All barge samples fell in the range of
the cell M2 survey data and outside of the range of
MR Atterberg limits.

The decrease in liquid limits of the MR sedi-
ments after dredging (barge samples) may be
indicative of a) differences in the sediments
dredged versus those closely adjacent that were
sampled for the determination of in situ conditions;
or b} loss of some fine-grained sediment during the
dredging process. Because the water content was
relatively unchanged, the reduction in bearing
strength (PI) may be the resulit of a disturbance of
the fabric of the in situ sediment during dredging.
Shear strength data were consistent with this obser-
vation: the shear strength of the upper 50 cm of
cores between the MR and T, surveys decreased
from an average of 1.8 kPa to 0.4 kPa (excluding
all data from BBC).

Other than a change in Atterberg limits and
shear strength, there were no other statistically sig-
nificant changes in physical properties between the
MR and the T, surveys. The average grain-size dis-
tribution was almost identical between the two sur-
veys. Within each core, water content tended to
decrease with depth; however data showed high
variability, especially for the MR sediments.
Because of the dependence of water content with
depth in the cores, the average water content was
compared for the upper 50 cm of cores collected
during MR and T, surveys. The average water con-
tent for the upper 50 cm of the MR and T, survey
cores was essentially identical (152%, 148%,
respectively). The water content of the grab samples
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Figure 2. Liquid limit vs. water content for Mystic River and M2
sediments.

(sediment-water interface to a penetration depth of
25 cm) was higher, but still similar for the two
surveys (182%, 209%, respectively).

If the natural water content of sediment is
above or close to the liquid limit, the sediment may
exhibit “sensitive” characteristics, which suggests
that the sediment will lose strength when disturbed.
Discrete water content measurements were com-
pared with the liquid limit data collected at the
same depth intervals for the individual surveys
(Figure 2). The number of paired water content/
liquid limit samples was lHmited, but the data do
suggest that the MR sediments, both before and
after being dredged, had low bearing strength and
potentially would not be readily capped. Nearly
one meter of sand was present above the dredged
material in most of the postcap cores, suggesting
that there are other factors that may be important in
determining the potential for a cap to be placed on
sediments.

SHEAR STRENGTH ANALYSIS

One of the major elements that controls the
construction of a successful cap is that the shear
stress along the interface between the cap and
underlying sediments must not exceed the strength
of the dredged material (Bokuniewicz and Liu,
1981). Shear strength is the maximum force that
can be mobilized within a soil mass to resist shear
deformation. Shear strength increases in consoli-
dated sediment, and generally increases with depth
in the sediment. Lengthening the time allowed for
consolidation of the dredged material prior to cap-
ping should theoretically increase the shear
strength of the sediment. The strength of the



deposit will further increase under the weight of an
overburden, i.e., the cap. Because of the importance
of the strength element in the assessment of the
engineering properties of the dredged material,
shear strength of the cored sediments recovered in
different stages of the geotechnical investigations
was evaluated more closely.

Shear strength measurements were plotted as a
function of depth in the sediment cores for Ty, T
and Postcap surveys. Shear strength values from
BBC and sand cap were excluded from this analy-
sis. The data showed a rapid increase of shear
strength in the upper 1 meter of the cores for the
T, and T, surveys. Part of this increase may be an
artifact of coring, as the sediment consolidates
more rapidly in the core liner and an increase in
strength of the sediments at the bottom of the core
is expected.

Most notable was the increase of shear strength
in the sediments immediately below the cap. In
fact, the shear strengths are higher in the top meter
as compared to the sediments deeper in the postcap
cores, suggesting that the placement of the cap
caused the surface sediments to consolidate, but
the deposit has not reached equilibrium relative to
a standard strength profile. The sediments in the
upper meter of both the T, and T surveys had low
shear strengths of <1 kPa, indicating very low
strength in all of the precap sediments.

In order to statistically evaluate the shear
strength data from different survey stages, data
from the upper 100 cm of each core were com-
piled, excluding samples from BBC and sand cap.
Samples from the upper meter of fine-grained sedi-
ment below the cap were evaluated for the postcap
data. The shear strength decreased from the Mystic
River (MR) sediments to being placed in cell M2.
Both the Ty and T, sediments had very similar
shear strength properties, and increased with place-
ment of the cap to values more similar to the MR
sediments. These data would suggest that the cap-
ping process itself was much more effective in
increasing the bearing strength of the sediments as
compared to self-weight consolidation. There were
outliers in the data for the T and T, stages indica-
tive of increased heterogeneity of the precapped
sediments. The very low shear strength of these
sediments increases the uncertainty of the actual
bearing strength. Although the viscometer used for
the soft material had a very high sensitivity (0.03
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kPa), some caution is warranted about evaluating
the strength characteristics of this material, espe-
cially between the two precap surveys. The coring
process can also serve to alter the in situ shear
strength.

D1AGNOSTIC MEASUREMENTS TO DETERMINE
CAP READINESS

One of the goals of this study was to determine
the material properties that would allow predictive
modeling of consolidation and sediment strength to
be used in future projects. The cap at cell M2 was
composed of up to a meter of tan to gray and black
sand overlying the dredged material in five of six
cores collected. The homogeneity of the sand was
apparent in the bulk density log data, showing the
higher bulk density of the sand cap (approximately
2.0 gice) overlying the dredged material (approxi-
mately 1.5 g/cc; Figure 3). The log data showed an
increase of bulk density with depth in the sedi-
ments below the cap, suggestive of a normal pat-
tern of consolidation. The one exception was core
M2-4, which had no evidence of sand throughout
the entire core. The physical parameters of this
core were extremely uniform all the way down the
core, including no apparent increase of bulk densi-
ty to the bottom of the core (Figure 3).

The geotechnical data collected during the var-
ious stages of the cell M2 project challenged the
typical process of evaluating capping effectiveness.
First, the only clear diagnostic change of properties
between the T, and T, surveys was in the water
content of the surface sediments. The average
water content of the surface sediment as collected
by the grab samples decreased between the two
surveys, from 209% to 165%. The average water
content in the upper 50 cm of the cores collected
during the two surveys was similar, at approxi-
mately 100%. Comparing the core and grab sample
data suggests that changes in the upper sediment
column may be the most important to verify when
evaluating cap-readiness. The water content data
support the field observations conducted by GLDD
and the visual description of T,y and T, cores.

Other than the water content of the surface
grabs, no clear, statistically significant changes in
the physical parameters measured would suggest
the CAD sediments were ready to be capped, and
yet most of the sediments in this cell were success-
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Figure 3, Logged bulk density data from selected postcap cores.

fully covered with relatively clean cap material.
The presence of the single core with no sand sug-
gests that the mechanisms of settlement and stability
of the dredged material and cap deposit is more
complex than implied by an evaluation of sediment
properties.

After cap deposition at cell M2, the sediments
consolidated more rapidly than under self-weight
conditions, as shown by the lack of topographic
change in the multibeam bathymetry with the
increase in cell material volume due to cap place-
ment. The increase of shear strength of the fine-
grained sediments below the cap was consistent
with consolidation models that predict rapid con-
solidation of sediments under loaded conditions
(e.g., Silva et al., 1994; Poindexter Rollings 1990).
The process of consolidation requires an expulsion
of pore water that may cause layers to deform. In
the case of the BHNIP, and the impermeability of
BBC, the expelled pore water was restricted to
movement up through the cap. The recovery of
core M2-4 with no sand suggests that pore water
expulsion, and the resulting release of excess pore
pressure, was potentially focused in destabilized
arcas of the cap. When mud is overpressured in
areas with rapid sedimentation (i.e., deltas), struc-
tures called diapirs can form as “mud vents”
through overlying sediments that serve to reduce
excess pore pressure. This diapiric process has
been suggested as a mechanism for the presence of
fine-grained sediments that were above the caps in

the earlier cells (SAIC, 1999). Subbottom data col-
lected from cell M2 showed potential diapir-like
structures through the cap. Additionally, the
presence of these diapirs is confirmed by the phys-
ical properties displayed in core M2-4, which
showed that the sediment physical properties were
relatively constant with depth.

Thus, the ability to predict and evaluate the
efficacy of capping in a confined environment
depends not only on accurate geotechnical meas-
urements of the dredged and cap material, but also
requires thorough understanding of the geotechni-
cal framework of the disposal site. In the case of
the BHNIP, the cells were constructed in essentially
impermeable BBC, providing potentially the most
important variable for capping success. The BBC
walls and base of the containment cells did not
accept the extruded pore waters that may have
been readily accepted by a more porous material
(i.e. sand, gravel). As a result, the expulsion of
pore water was restricted to upward flow into the
sand cap. The downward force exerted by the sand
cap pressurized the underlying, fluidized dredged
material. Diapir formation occurred when the
upward pressure of the dredged material pore water
exceeded the shear strength of the sand cap,
allowing a surface vent to form,

From an operational viewpoint, the increase in
consolidation time empirically improved the level
of success of capping, although no quantitative
relationship could be found to verify this except for
the decrease in water content of the surface grabs
between the two precap surveys. Shear strength
measurements provided the clearest indication of
the increased “cappability” of the sediments,
although this increase only occurred after cap
material was placed.

In the broader view, evaluation of the relative
success of a capping project needs to be measured
against the overall environmental goals of a project.
In the case of the BHNIP, the sand cap in cell M2
was determined to be providing a practical physical
barrier above the majority of the underlying
dredged sediments. If additional protection was
required for a project, a phased capping approach
should be considered, as the process of capping
serves as the best mechanism to stabilize the
underlying sediments.



CONCLUSIONS

The natural cohesion and strength of the
Mystic River sediments were altered by the dredg-
ing process, resulting in sediments in the CAD cell
that were unstable due to high water content and
low shear strength. During the 5-month consolida-
tion time between the T, and T, surveys, the
change in water content of the surface sediments
(as collected in the grab samples) was the geotech-
nical measurement that provided the clearest indi-
cator of “capreadiness.”

The most statistically significant change of
physical properties of all the cell M2 surveys was
the increased shear strength of the sediments after
capping. Capping-induced consolidation resulted
in sediments of strength similar to in situ (MR)
material, suggesting that pre-capping might be a
useful operational approach for future projects.

The results from Core M2-4 suggested that
excess pore water was released not only through
the cap but also vented through diapir structures
that served to breach the caps in discrete areas.

Future projects should include an evaluation of
the geological environment that is under considera-
tion for a CAD project, such as an evaluation of
the in situ strength of the material to be capped and
the porosity and permeability of the CAD cell sedi-
ments; consideration of innovative capping
approaches, including a phased capping approach,
should also be considered.
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ABSTRACT: Analysis of core samples is commonly used to evaluate contaminant
transport from capped sediments. This paper evaluates the effectiveness of the core
analysis technique as an indicator of metal release and capping efficiency. Six columns
were set up in the laboratory to simulate metal release from capped contaminated
sediment under conditions of submarine groundwater discharge. Metal concentration
gradients in capped sediment or capping material were not statistically different from
zero for all the core samples collected from the columns. Results indicate that metal
concentration gradients in the sediment or capping material may not be good indicators
of metal transport under conditions of advective flow.

Key words: sediment, capping, core analysis, metals

INTRODUCTION

Monitoring capping stability and retardation
of contaminants after capping operations is very
important to insure isolation of contaminants from
aquatic environments. Core analysis commonly
has been used in the field to evaluate capping effi-
ciency and stability based on visual inspection and
chemical analysis of sectioned segments. A num-
ber of studies on the stability of capped dredged
material report a distinct interface between the
capping material and the contaminated sediment.
This has led to an assessment of good stability and
efficiency in retarding contaminants based on con-
taminant distribution in the core or bulk sediment
(see Table 1 for a summary of selected field cap-
ping efficiency studies). Results of core analysis
have been used to determine chemical gradients as
indicators of chemical transport (Fredette et al.,

lCorn:spoucliug author; telephone: 617-457-7867;
fax: 617-457-7888; email: chunhuya liu@parsons.com

1992), to analyze chemical concentration change
over time (Brannon et al., 1990), and to compare
contaminant concentrations in the capping material
and sediment to the original material, reference
areas, or regional areas (Murray, 1994). Most
studies using core analysis assume that measurable
chemical gradients of contaminant concentrations
are effective indicators of chemical migration. This
is based upon the hypothesis that molecular diffu-
sion is the major transport mechanism in the sedi-
ment. However, advection caused by tides, storms,
consolidation, bioturbation, anthropogenic activi-
ties and Submarine Groundwater Discharge (SGD)
into the cap is always possible, and would result in
much faster contaminant transport (USEPA, 1998).
In the cases where advective flow dominates, con-
centration gradient is less likely to occur.

The objective of this study was to evaluate the
core analysis technique in detecting metal release
and capping efficiency under conditions of contin-
uous advective flow. Metals including Ni, Cr, Cu,
Zn, Mo, Cd, Pb, and Mn were studied.



Table 1. A summary of selected field capping efficiency studies.
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Reference Capping Siic Time Main Results Conchisions
after Technique
_ capping .
Fredettc et al., Tonglsland | 7and 11 | Core amalysis | No obvious chemical gradients, most cozes absence of phyzical or chemicat disturbance
1992 Sound, USA years observed distinct interface
Minray, 1994 Massachnsetts 12 years .| Grab sedinwnt Concentrations of all trace metals were No accumulation of irace metals at the site-
‘ Bay Disposal sample relatively low compared to reforence areas
Site, USA analysis and regional arcac
SAIC, 1995 Stamford-New months | Grab scdiment Cu concentration lowered aficr capping | Suxficial mixing of cap scdiments with ambient
Ha\_'enditponl sample while began to increage 2 mouths afier sediments and deposition of local-source =ilt
sites, USA _ snatysis capping onto the capped yoound should result in the
recstablishment of background contaminant
. concentrations
11 years | Coresample | Most of cores had visually and chermically Silt cap are just a8 effective at contaiming
analysis distinct interfisce Conlanzinants and may cause cven less
New York Bight Vibracoring The sand-mmd interface was distinct :
1989 Mud Dumpsite, sampling; visnally; the transition from sand to nmd
USA grain size ocenrred over a distance of less than a few
Brannon f of Duwamish 0.5-18 G:ﬂmm'y . sampling and analysis proved
) i There was no statistical difference over Sediment ing and i tobe
1990 watcrway sand- | months sanalysis of time between contaminant comcendrations | usefisl for assessing the possible movement of
capped monnds, _ vertical cores | in a particular depth segment in cither the contaminants from the underlying material into
USA cap material or the dredged material, The the cap.
dredged and cap materials formed a sharp, .
SAIC, 1996 Mill-anmpac 1 89 years | Core sample Normalizing the trace metel data to the Most of the MQR core samples could be
Mound, USA variation: between cores aind showed a
distinct paticzn of increasing metals
concentrations with depth.
METHODS AND MATERIALS Table 2. A general profile of the experimental conditions.

The experiment was designed to observe metal
fluxes in relation to metal distribution in the core
samples under different conditions of continuous
advective flow. Details of the experiment are pre-
sented by the authors in Liu ez al. (2001a, b).
Basically, six columns were set up to model the
following conditions: a control column, with De-
Ionized (DI) water as simulated groundwater
{DIWater); with acidified groundwater (Acidified);
with increased sediment depth (Increased-Depth);
with increased flow rate (High-flow); and with
acidified groundwater, increased sediment depth,
and increased flow rate (Combination). (See Table
2 for a general profile of the experimental
conditions).

After equilibration, SGD flow was initiated
and effluent water samples were collected. The
water samples were filtered prior to analysis for
dissolved metal concentrations. Three cores were
collected from each column at the end of the exper-
iment. One core from each column was sectioned
at 1-cm interval, microwave digested, and
analyzed.

Totat | Over- | Depth | pH of | Pore | Ave. | Total

Co Run- | lying of |Ground-| Vol. { Flow | Vol.

e ning | Water | Sedi- | water | (ml) | Rate | (ml)
Name | Time | Depth | ment (m/hr)

(Days) | (cm) | (cm)

Control | 118 | 22 | 5 7 |1s26 | 107 27213
0.04

DIWater | 198 | 1.5 | 5 6 |1639] 297 lazsm
0.03

Acidified| 57 | 23 | s 3 | 1639 13.32: 13536
Increased 10,94+

Depth ns | 3 | s2 7 |2096 | "o [30564
High- 22,60+

Pt ss 25| s 7 |1619] “oog [29338
Combina 24.57%

vion 541 | 27 | 82 3 [2057| “hes [10203

1. Data of only 19 days are used becavse the flow rate dramatically
decreased after 19 days;
2. The number following + gives the standard error.

DISCUSSION

Under conditions of SGD, metals will be trans-
ported from contaminated sediment to the overlying
water by the bulk flow. Thus, unless the groundwater
flow is extremely slow, no significant concentration
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Control: the comtrol column

AS: the colurom with Acidified SGD inflow (pH=3)

18D the cotymn with Increased Sediment Depth

ISR: the calumm with Increased SGD Rate

Al the columa with combination of envircomental offects
Diwater: the column with DI water as simulated groundwater

Figure 1. Cumnulative metal release versus Time (Days).



Table 3. Flux estimation from molecular diffusion, and comparison

with flux measurement. (nmol/m?/day).
Estimated
molecular

diffusion flux

Measured flux

7817574
(3-10)*
24262760
(10-19}

35439+3235
0-4)

98234510
49

20911210
(9-19)

694£54
(3-8)

8.2+39
(8-57)

1224+119
(0-3)
3232119
3-D
37215
(7-19)

Cu (Combination) 14

Zn (Combination) 14

Cd (Acidified) 0.1

Cd (Combination) 0.08

*: Time (Day);
The number following + gives the 95% confidence interval.

gradient in the pore water would be expected after
contaminant breakthrough. Under conditions of
simulated groundwater inflow, the results suggest
that there was no significant metal concentration
gradient in the capping material. However, metal
fluxes to the overlying water were significantly
greater than zero and could potentially exert eco-
logical effects. For selected metals, the estimated
molecular diffusion fluxes based upon concentra-
tion gradient in the capping material were much
smaller than the measured fluxes (Table 3). In
addition, Figure 1 suggests that metal fluxes
changed during the course of the experiment. High
initial fluxes occwred from capped sediment in
both the presence and absence of simulated
groundwater discharge, which might have been
caused by consolidation (Liu ef al., 2001a). Metal
concentration gradients in core samples collected at
specific times are unable to detect flux changes
through time. Results from the experiment suggest
that metal concentration gradients in the capping
material may not be a good indicator of metal
transport under conditions of groundwater inflow.
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In most cases, metal concentrations in the con-
taminated sediment were not significantly different
from the original concentrations in the sediment.
This suggests that changes in metal concentration
may not be a good indicator of metal loss. An esti-
mate of detectable loss from sediment would be
80, 400, 600, 700, 10, 3.5, 100, 500 mmol] for Ni,
Cr, Cu, Zn, Mo, Cd, Pb, and Mn, respectively
using the current sediment analysis technique.
Figure 1 shows that cumulative metal release is
much less than the detectable loss from sediment
analysis. Although significant metal loss was
detected for Cr and Zn for the Acidified core,
metal release from the column was not as high as
would be expected from sediment loss. Adsorption
capacity of capping material played an essential
role in these cases. Thus, decreases in metal con-
centrations in sediment do not necessarily indicate
a high release of metals.
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Evaluation of Five Capped Aquatic Disposal Cells in Portland, Oregon
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ABSTRACT: During the 1990s, the Port of Portland, Oregon, disposed of dredged
material in five capped aquatic disposal (CAD) cells within Ross Island Lagoon, an
active aggregate mining facility in the Willamette River at Portland, Oregon. The cells
contain between a few thousand and nearly 100,000 cubic yards of contaminated
sediments. Regulatory and public interest led the Port to evaluate the cells in late 1999
and early 2000 to address questions of human and environmental health and safety. The
investigation focused on establishing fundamental physical, chemical, and biological
parameters for the CAD cells. In addition, potential human health and environmental
exposure pathways were carefully modeled to evaluate risk. Several innovative
investigation techniques, including deployment of flux chambers and in-water
piezometers, were employed to evaluate contaminant mobility.

Results of the site investigation were made public in mid-2000. Conclusions indicate that
the CAD cells are functioning as expected and are safe, excepting a slope stability issue
unrelated to the Port disposals. This presentation provides an overview of the
engineering attributes of the five CAD cells, the innovative investigation techniques, and
conclusions as to haman health and environmental risks. These observations may have
applicability to engineering design, construction, and monitoring of CAD sites in other

regions.

Key words: sediment assessment, CAD, capping, Ross Island Lagoon, Portland, OR

BACKGROUND AND INVESTIGATION ELEMENTS

Ross Island Lagoon is situated in the
Willamette River at Portland, Oregon. The lagoon
was created in the late 1920s, when Ross and
Hardtack Islands were joined with an earthen dike
that closed a former channel in the Willamette
River. The lagoon is mined for sand and gravel
by Ross Island Sand and Gravel (RIS&G), the
owner and operator. Pursuant to an approved
reclamation plan, portions of the mining area are
being reclaimed by RIS&G with fill material.
Since 1982, more than 6 million cubic yards (cy)
of fill from multiple sources have been placed at
the site as part of upland and in-water reclamation,
including 160,000 cy of Port of Portland (Port)
dredged material placed in capped aquatic disposal
!Corresponding author; telephone: 206-273-7555;
fax: 206-273-7805; email: pspadaro@bbl-inc.com

*Current address: Blasland, Bouck & Lee, Inc., 1100 Dexter Avenue
North, Seattle, WA 98109

(CAD) cells.

In the fall of 1997, increased public awareness
of disposal practices at the RIS&G facility
prompted the Governor’s Office to request an
environmental investigation of the site. In
response, the Port implemented the current investi-
gation to evaluate environmental quality issues

related to the Port confined dredged material. In

this discussion, Port dredged material refers to the
material before it was placed in the containment
cells; Port confined dredged material refers to the
material after it was placed in the containment
cells; and non-Port fill refers to fill material from
sources other than the Port.

DisPOSAL OF PORT DREDGED MATERIAL

In five events between 1992 and 1998, the
Port transported approximately 160,000 cy of



dredged material derived from maintenance and
remedial dredging to Ross Island Lagoon for per-
mitted confined disposal. Under contract with the
Port, RIS&G accepted, placed, and capped the
Port’s dredged material in five in-water contain-
ment cells located in the reclamation area at south-
ern end of the lagoon. Cells 1 through 4 were cre-
ated by excavating older, non-Port fill or other
materials using clamshell dredge mining methods.
Cell 5 was created using an existing depression in
non-Port fill. Following disposal of the Port’s
dredged material from either a bottom-dump barge
or tremie tube, each cell was capped with a confin-
ing layer of fine-grained material derived from on-
site sand and gravel washing and processing.
Individual disposal volumes ranged from about
3,200 cy to about 95,000 cy. The Port dredged
material typically consisted of fine-grained sand
and silt,

Placement of the Port dredged material was
reviewed by and conducted with the approval of
state and federal authorities, including the U.S.
Environmental Protection Agency (EPA), the U.S.
Army Corp of Engineers (Corps), and the Oregon
Department of Environmental Quality (DEQ). The
cell caps were placed to physically cover the Port
dredged material, and the Port and permitting
agencies expected that subsequent in-water recla-
mation filling above the caps would further isolate
the Port confined dredged material.

FIELD STUDIES AND LABORATORY TESTING

For the current investigation, the Port conduct-
ed an extensive field exploration program to collect
groundwater, surface water, and sediment samples
characterizing the ambient physical and environ-
mental conditions at Ross Island. Nearly 2,500 feet
of drilling were completed in the lagoon and
upland locations so that subsurface sediment, soil,
and groundwater conditions could be observed.
Over 500 samples were obtained for visual obser-
vation, physical properties testing, and chemical
analyses. Selected lagoon borings were converted
to piezometers, and upland borings were converted
to groundwater monitoring wells for water quality
sampling and evaluation of groundwater flow and
gradients. Groundwater was also sampled from
flux chamber seepage meters deployed at the
lagoon mudline above three of the disposal cells.
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In addition, samples of lagoon surface sediment
were collected for physical, chemical, and biological
testing. Surface water samples were also collected
from Ross Island Lagoon and the Willamette River.
In all, nearly 90 samples of soil, sediment, and
groundwater were submitted for laboratory chemical
analysis.

TECHNICAL ANALYSES AND MODELING STUDIES

Results from field exploration and laboratory
testing yielded data for several technical analyses
that evaluated the potential for chemical con-
stituents in Port confined dredged material to be
released to the environment. These analyses
included:

*  Groundwater flow and gradient characterization;

» Contaminant mobility (groundwater fate and
transport modeling);

*  Geotechnical stability modeling;

*  Sediment quality characterization;

* Lagoon bathymetry analysis (past, present, and
future conditions); and

* Disposal processes (particulate and dissolved
masses released to the water column).

Several of these analyses involved the use of
computer models to simulate groundwater flow and
contaminant transport, slope stability, and disposal
processes. Key conclusions of these analyses are
presented below as they relate to potential contami-
nant migration pathways from the Port confined
dredged material.

CONCEPTUAL SITE MODEL

The conceptual site model considered several
elements to characterize the site and Port confined
dredged material:

* The physical and hydrogeological setting of

Ross Island and the containment cells;

* The distribution of chemical constituents in

Ross Island Lagoon; and
* Human and ecological receptors.

PHYSICAL SETTING

The lagoon is enclosed except for an approxi-
mately 500-foot-wide outlet to Holgate Slough on
the northeast side. Upland areas of Ross and
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Hardtack Islands are generally tree covered,
excepting the area of the RIS&G materials process-
ing plant. Ongoing dredging by RIS&G has
expanded the lagoon to an area of about 140 acres,
with mining currently focused in the central and
northern areas of the lagoon. In-water reclamation
filling at the southern end of the lagoon has created
a relatively shallow bench with a water depth of
about 20 feet. The remainder of the lagoon ranges
up to about 130 feet in depth. The narrow entrance
and limited surface water exchange with the river
tend to minimize circulation within the lagoon.

Because of its location, Ross Island Lagoon is
affected by the hydraulic characteristics of the
Willamette River. Daily tidal variations produce
river elevation changes of about 1 to 3 feet near
Ross Island. Seasonal flooding can cause short-
term water level changes of 10 feet or more.
Upstream storage reservoirs in the Willamette
Basin stabilize flows during flood-prone winter
months and dry summer months. Although flood-
ing has historically overtopped upland areas at
Ross Island, there is no indication that flooding has
promoted, or will promote in the future, erosion
that would threaten the integrity of the containment
cells.

S1TE HYDROGEOLOGICAL SETTING

Fill of various origins and unconsolidated allu-
vial sands and gravels overlie older cemented sedi-
mentary rocks of the Troutdale Formation in the
vicinity of Ross Island. The containment cells were
capped with fine sands and silts from on-site sand
and gravel processing, and additional non-Port fill
was placed over the capping materials. The Port
confined dredged material and non-Port fill, which
are generally fine-grained and visually similar,
were identified with the aid of survey data gathered
before and after the dredged material and capping
materials were placed.

Groundwater piezometers were installed in
Port confined dredge material in four of the con-
tainment cells, and deeper piezometers were
installed in native alluvinm beneath two of the
cells. Permanent groundwater well clusters were
established at three upland locations. During
drilling, groundwater was continuously encoun-
tered from the lagoon mudline down to the
Troutdale Formation. In the upland wells,

groundwater was present from about 10 to 20 feet
below ground surface down to the Troutdale
Formation.

Groundwater clevation data obtained from the
piezometers and wells during a tidal study showed
that an upward vertical groundwater gradient is
present from the Troutdale Formation and native
alluvium into lagoon fill materials and the surface
waters of Ross Island Lagoon. Groundwater seep-
age rates into the lagoon are relatively low because
of small differences in groundwater elevations
between the lagoon and underlying groundwater.

SEDIMENT CHEMISTRY

Surface sediment chemistry results indicated
that the chemical quality of the lagoon is good rel-
ative to applicable risk-based sediment quality
screening criteria. Although chemical concentra-
tions exceeded screening criteria in localized areas,
there is no indication of widespread contamination.
Constituents that exceeded criteria (e.g., PCBs,
mercury) are routinely found in industrial areas and
are not unique to the Port confined dredged material.
Subsurface chemical concentrations in samples of
Port confined dredged material were comparable
to, or slightly lower than, average concentrations of
the same constituents in historical pre-dredge sam-
ples. These results made it possible to readily dis-
tinguish Port confined dredged material from non-
Port fill and overlying capping materiais,

PoTENTIAL HUMAN AND ECOLOGICAL RECEPTORS

Ecological surveys reveal significant diversity
of wildlife and vegetation in upland areas. The ter-
restrial environment provides nesting habitat for
ecologically important bird species such as Great
Blue Herons and American Bald Eagles. In con-
trast, the abundance of benthic organisms and non-
migratory fish species in Ross Island Lagoon is
low, with correspondingly limited habitat quality as
compared to other freshwater environments. This
finding is consistent with the active industrial
nature of Ross Island Lagoon. Although Ross
Island Lagoon is identified as critical habitat for
Chinook saimon and other salmonids listed as
threatened or endangered under federal and state
designations, migratory salmonid species present in
the lagoon during surveys conducted in 1999



represent a small fraction of the total population in
the lower Willamette River system. Moreover,
exposure time for anadromous species is likely to
be limited in duration.

Beneficial use surveys verified that established
industrial, commercial, and residential land uses
near Ross Island are likely to continue,
Recreational uses in the vicinity include wildlife
viewing, hiking, boating, fishing, and other water-
dependent activities. Although not encouraged,
some recreational use of the lagoon and uplands
will likely continue. Groundwater and surface
water are not currently used for drinking and are
not likely to be in the future.

CONTAMINANT TRANSPORT PATHWAYS
Three general contaminant transport pathways
were identified for the Port confined dredged material:
¢  Groundwater transport of chemical constituents
from the containment cells to surface water or
groundwater;
» Physical disturbance of the containment cells
from natural erosion or human influence; and
* Particulate and dissolved mass dispersal to the
water column during placement of the Port
dredged material.

GROUNDWATER TRANSPORT FROM CONTAINMENT
CELLS

This pathway is assoctated with the potential
migration of chemical constituents from the con-
tainment cells via groundwater. The surface water
of Ross Island Lagoon is a potential receptor.
Upward groundwater flow directions indicate that
transport pathways to deeper groundwater and the
Willamette River are not present.

As recommended by the Corps for freshwater
environments, Sequential Batch Leaching Tests
(SBLTs) were performed to evaluate the potential
for chemical constituents in the Port confined
dredged material to leach into containment cell
pore water. Data from the SBLTs and the piezometer
groundwater samples were employed to simulate
groundwater transport and contaminant migration
using the MODFLOW and MT3DMS computer
codes.

Predicted post-reclamation concentrations of
chemical constituents in groundwater discharging
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from Port confined dredge material to the lagoon
are below screening criteria, with limited excep-
tions for arsenic and lead. At two cells, arsenic
concentrations in groundwater are predicted to
exceed regional background levels for surface
water in the Willamette Basin over 100 to 1,000
years. However, conservative modeling assump-
tions likely overestimate the predicted concentra-
tions, which are in any case below risk-based
screening criteria in recent EPA Region 6 guidance
regarding fish consurption by humans. Further,
locally higher arsenic concentrations may result
from naturally occurring minerals,

PHYSICAL DISTURBANCE TO CONTAINMENT CELLS

Potential physical disturbances include human
activities and natural causes such as river flooding
that could affect the integrity of the in-water con-
tainment cells, caps, or non-Port fill adjacent to the
cells. Slope stability issues arose from mining by
RIS&G between 1992 and 1998 that removed
material providing lateral support to three cells.
Slope stability issues were evaluated using the
SLOPE/W geotechnical computer model to simu-
late current and post-reclamation conditions.
SLOPE/W, a standard engineering code, calculates
a factor of safety for potential failure surfaces and
has particular application to underwater structures.

Modeling results indicated that the potential
exists for deep-seated slope failures along the edge
of the fill bench at the southern end of the lagoon
that could disturb three containment cells. Such
disturbance could result in the exposure and resus-
pension of Port confined dredged material.
Potential slope failure risk is greater under seismic
loading. In addition, geotechnical modeling and
upland drilling indicated that the dike area is not
susceptible to erosion or breaching from flooding,
and the dike is expected to be stable under static
and seismic loading.

PARTICULATE AND DISSOLVED CONSTITUENTS
DISPERSED DURING DISPOSAL

During the placement of Port dredged material,
a small percentage of particulate material was dis-
persed beyond the disposal and capping areas as
the Port dredged material fell through the water
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column. The expected mass was estimated for each
disposal using the Short-Term Fate of Dredged
Material Disposal in Open Water (STFATE) com-
puter program. Chemical constituents were also
present in pore water released to the lagoon as the
Port dredged material fell through the water col-
umn and then settled in the containment cells.
Laboratory consolidation modeling was used to
estimate the volume of pore water expelled as the
Port dredged material accumulated.

Short-term impacts to water quality during
dredged material placement were of limited dura-
tion, and permitted, subject to monitoring and best
management practices. Port disposal events com-
pleted using bottom-dump barges dispersed about
5 percent of the total mass of dredged material
beyond the cell boundary. For disposal using a
tremie pipe, less than 1 percent of the material was
dispersed outside the cap boundaries. These disper-
sal predictions may overestimate the case, however,
because the calculated capping areas were conserv-
atively small as they were defined using bathymet-
ric measurements, rather than model predictions.

Particulate material dispersed beyond the cell
capping boundaries has been buried by 2 feet or
more of subsequent non-Port fill, excepting in one
limited area where bathymetric data indicate that
dispersed material could remain within the top 1 to
2 feet below the existing lagoon mudline. Although
several surface sediment samples from that limited
area failed bioassay testing, elevated pH and
ammonia unrelated to the Port confined dredged
material may be the cause. In any case, the poten-
tial contribution of constituents in the dispersed
particulates from Port dredged material could not
account for observed bioassay testing failures.

As occurs at all CAD sites, pore water was
released during disposal as Port dredged material
fell through the water column and consolidated
within the containment cells. Recent water quality
data do not indicate any water quality impacts or
risks to surface waters of the lagoon from this
potential pathway.

CONCLUSIONS

No current or future unacceptable human
health or environmental risks related to groundwa-
ter transport of chemical constituents in Port con-
fined dredged material were identified.

Groundwater flow is upward toward the lagoon,
which eliminates the potential transport of contam-
inants to deeper groundwater and the Willamette
River. The predicted concentrations of Port-related
chemical constituents reaching surface sediments
and surface waters of Ross Island Lagoon are
below corresponding risk-based screening criteria
and regional background levels.

A geotechnical evaluation indicates that in-water
fill slopes adjacent to three containment cells are at
risk of failing. The current slope configuration
results from mining that removed lateral support to
the containment cells. Slope failures could result in
the exposure and resuspension of Port confined
dredged material. These risks increase during a
design seismic event. Recently, DEQ has confirmed
these findings and prioritized placement of recla-
mation fill to buttress the at-risk slopes.

As expected during disposal of the Port
dredged material, some particulate material was
dispersed to the water column. The dispersed mate-
rial was later covered with capping material and/or
non-Port fill. No current or future unacceptable
human health or environmental risks were identified
in relation to the disposal and placement process.

Construction, configuration, and capping of the
containment cells in Ross Island Lagoon were con-
sistent with existing regulatory guidance on capped
aquatic disposal. Extensive physical and chemical
data demonstrate that the containment cells continue
to safely isolate the Port confined dredged material
from the environment. The cells are functioning as
intended.
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ABSTRACT: The Port Authority of New York and New Jersey constructed and has
operated a subaqueous confined disposal facility at Port Newark, New Jersey since
November of 1997. The Newark Bay Confined Disposal Facility (NBCDF) is a 1.5
million cubic yard subaqueous “pit” excavated from the bottom of Newark Bay. The
NBCDF has served as a much-needed disposal site for dredged materials that are
deemed unsuitable for placement at the federally designated Historic Area Remediation
Site (HARS) off of Sandy Hook, New Jersey.

Malcolm Pirnie, Inc. was retained by the Port Authority to develop an Operations and
Management Plan and implement the Plan. Over the past three years, eleven disposal
projects have been successfully completed, and one is underway. Operation of the
facility includes visual observation during every disposal event, periodic TSS water
quality monitoring, and bathymetric surveying, Operational monitoring has shown
that no release of sediments from the facility has occurred.

Key words: sediment, New York/New Jersey Harbor, bathymetry, CDF, subaqueous disposal,
plume tracking, water quality monitoring, TSS monitoring
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INTRODUCTION

The Newark Bay Cenfined Disposal Facility
{NBCDF) is a disposal site for dredged materials
that are deemed unsuitable for ocean disposal at
the federally designated Historic Area
Remediation Site (HARS) off of Sandy Hook,
New Jersey. Dredged material to be placed in the
NBCDF must originate from the New York/New
Jersey Harbor in waters contiguous to the State of
New Jersey including Newark Bay, the Arthur
Kill, and the Kill Van Kull (collectively the "Draw
Area"). The NBCDF is located just off the
entrance to the Elizabeth Channel, New Jersey
(Figure 1), and has been constructed and permitted

'Com:spond.ing author; telephone: 914-694-2100;
fax: 914-694-9286; email: gmatthews @pirnie.com

to receive approximately 1.5 million cubic yards of
dredged material that is otherwise restricted from
ocean disposal. Detailed information regarding
operation, permits, and predisposal requirements
for potential users is documented (Knoesel et al.
1998). The user fee for disposal is $29 per cubic
yard.

The NBCDF is located within a greater shal-
low water-depth area of Newark Bay, New Jersey.
The NBCDF has an arca of 26 acres at the water
surface and was originally constructed to a depth
of -70 MLW. Bathymetric surveys have indicated
that in August 2000, the surface of the dredged
material is at -35 to -40 MLW, or about 30 to 35
feet above the facility bottom. To date, over
900,000 cubic yards of dredged material have been
disposed at the NBCDF, as calculated from
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pre- and post-dredging bathymetric surveys at the
various dredging sites. This material has been
deposited by over 400 scow loads from 12 differ-
ent dredging projects/sites. The operation of the
NBCDF is a great opportunity to learn how to
effectively manage disposal in this way, and offers
insight for designing and operating future sub-
channel disposal facilities.

Figure 1. NBCDF location map and hatching showing the “Draw Arca”.

NBCDF MANAGEMENT

NBCDF is operated, managed, and monitored
in strict accordance with permits and established
procedures, as presented in the US Army Corps of
Engineers (Corps} and New Jersey Department of
The Port Authority of NY and NJ (PA) constructed
the NBCDF in the summer and falf of 1997. The
Environmental Protection (NJDEP) approved
Operations and Management (O&M) Plan.
Malcolm Pirnie, Inc., of White Plains, New York
(Malcolm Pimnie), was retained by the PA to devel-
op the O&M Plan and manage the NBCDE.
Management includes disposal event oversight and
the performance of periodic bathymetric surveys
and water quality monitoring.

Disposal. QOPERATIONS

Prior to disposal operations, the potential
NBCDF User (User) submits to Malcolm Pimie,
Transportation and Disposal Plans, including

details of operations, points-of-contact, and equip-
ment to be used. A Malcolm Pimie “Field
Professional” and a Corps Certified Dredge
Inspector are present for all disposal operations.
The Field Professional meets with the tugboat crew
including the scowmen and reviews with them the
procedures for using the NBCDF and protocols for
radio communication. As new tug/scow personnel
are added to the crew, similar meetings take place.

The Field Professional, in a separate motor-
boat, leads the tug/scow through the NBCDF
entrance and proceeds to the location within the
NBCDF where disposal is to take place. When the
tug/scow is in a satisfactory position, the Field
Professional instructs the tugboat Captain, “affir-
mative for disposal”. If during a disposal event a
malfunction occurs such that scow doors do not
open or shut properly, the tug/scow remains inside
the NBCDF until the malfunction is corrected. The
User must also remove any floating debris.

FreL.D MANAGEMENT ISSUES

As field placement activities have progressed,
lessons learned have been incorporated into future
disposal operations. This has helped to enhance
safety and to ensure proper placement of dredged
material. Primary lessons learned include:
¢+ The need to orient the tug/scow into the wind

during disposal to anticipate and minimize the

affects of wind on the empty scow. An empty
scow could easily get away from, or move the
tug into the facility side slopes. It is also
important to allow sufficient room for maneu-
vering the +200 ft scows inside the facility.

*  Allowing proper slacking of tug/scow lines
prior to opening scow doors, to avoid broken
lines. During disposal the scow rises sharply
due to reduced load. Should a scow break
loose, it could impact the side slopes of the
facility or float into the adjacent navigation
channel(s).

* It is important for the Field Professional to
maintain close communication with the
tug/scow crew to confirm that all equipment is
working properly. Although each scow is
inspected by the scowman and a checklist
filled out, malfunctions may occur. As
required by the O&M Plan all malfunctioning
scows must remain in the NBCDF until they



are fixed. In a few instances, the scow doors
did not close immediately after disposal. The
crews, working in close communication with
the Field Professional, were able to quickly
identify the problem and make the necessary
adjustments to fully close the scow doors. In
all cases, the scows were given permission to
exit the facility.

WATER QUALITY MONITORING PROGRAM

To document that containment is effective and
to confirm there are no impacts to the surrounding
area, a Water Quality Monitoring program has been
implemented. Total suspended solids (TSS) sam-
ples are collected beyond the NBCDF perimeter
and in the entrance channel during and immediately
after disposal events. In total ten disposal events
are monitored for TSS for each 10 foot increment
(“lift”) of deposited material in the NBCDF.

SAMPLING PROGRAM

Water column samples are collected before and
after selected monitored disposal events to assess
TSS concentrations. Samples are collected at two
stations downcurrent during each monitored event,
Each station is located approximately 200 feet
from the NBCDF boundary. An additional station
located in the entrance channel is sampled to meas-
ure the “transit effect” of the scow/tug as they pass
through the entrance channel, At each station, two
samples are obtained: one shallow (from within six
inches of the surface) and one deeper (at 20-foot
depth or 18” from the bottom, whichever is shal-
lower). Control samples at all stations are collect-
ed prior to each monitored disposal event.

RESULTS OF WATER QUALITY MONITORING

As of November 2000, thirty disposal events
(over 3 lifts) have been monitored. For all disposal
events, measured levels of TSS were consistent
with control levels. The data collected is consis-
tent with field observations that no plumes were
visible outside the boundaries of the NBCDF dur-
ing any of the monitored disposal events. Some
turbidity is created by the “transit effect” as the
tug/scow travels through the 20-foot deep entrance
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channel or near the boundary of the facility; how-
ever, this turbidity is not associated with the dis-
posal of dredged material and is of a short-term
duration,

Figure 2 shows average values of TSS concen-
trations, for all monitored stations vs. time after
disposal, for the 3 different lifts between
November 1997 and October 1998. As shown in
the figure, TSS levels from pre- and post-disposal
samples do not vary significantly. The data points
not connected to the lines represent TSS samples
collected in the entrance channel prior to disposal,
but immediately after the tg/scow passes through
the entrance channel. These points have been
labeled “transit effect.” Data at —0.25 hours repre-
sents ambient conditions prior to the disposal event
that occurs at time 0.00.

PLUME TRACKING

The O&M Plan requires Plume Tracking to be
initiated if field observations indicate a TSS plume
is present beyond the limits of the NBCDFE. Plume
tracking is to be conducted via transmissometer
towed, at a depth of maximum turbidity, along lat-
eral transects across the width of the plume.
Although we have the ability to track plumes during
monitoring, field observations have not indicated
the presence of plumes from discharged sediments
at the NBCDFE. Therefore, plume tracking has not
been necessary to date,
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Figure 2, Water quality monitoring results.
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BATHYMETRIC SURVEYING

The O&M Plan requires that bathymetric sur-
veys be performed periodically within the confines
of the NBCDF area and the entrance channel to
monitor placement of dredged material. The surveys
are conducted following each 10-foot lift of disposed
material. We have also conducted additional bathy-
metric surveys and sediment sampling to determine
how material behaves in the facility. Nine surveys
have been conducted, consisting of data acquisition
using a 200 kHz sounder along approximately 35
parallel tracklines spaced at 50-foot intervals. The
horizontal positioning accuracy is +/- 3 feet; depth
sounding accuracy is +/- 6 inches.

The electronic data set for each survey is used
for volume computations to determine quantities of
dredged material placed in the NBCDE
Topographic maps with contour lines and 3-D per-
spectives have been created from these data. The
surveys have shown that the deposited material is
sufficiently fluid resulting in a fairly smooth, even
layer of sediment on the bottom of the NBCDF
(Figure 3). This has eliminated the need for vary-
ing disposal locations to allow for even distribu-
tion; therefore, we have been directing the
tugs/scows to deposit material in the center of the
NBCDE. Scows were directed to place at this loca-
tion to keep debris in one area. The slope within
the NBCDF is approximately 50:1.

Hi1sTORY OF USAGE OF NEwWARK Bay CDF

Figure 4 shows the historical usage of the
NBCDF since operation began in November 1997,
As of November 30, 2000, over 900,000 cubic
yards of matertal has been dredged for disposal at
the NBCDE. Usage of the NBCDF was most sig-
nificant in the beginning of operations in
November of 1997 and during the calendar year
1998. The NBCDF was a vital short-term solution
to dredged material management crisis in the New
York Harbor area, as evident by the usage rates in
1997 and 1998. In 1999 and 2000, the rate of
usage decreased due to several factors including:
(1) increase in the availability and decrease in the
cost of upland disposal sites; and (2) emphasis on
beneficial use of material in the New York Harbor
area. Nevertheless, the NBCDF remains a viable
alternative for disposal of dredged material unsuitable
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Figure 4. Summary of usage of NBCDF, volume in cubic yards.

for remediating the HARS.

CONCLUSION

All disposal operations at the NBCDF have
been conducted in full accordance with the
approved O&M plan and permit requirements. No
releases of TSS were observed outside the bound-
aries of the NBCDF during or after any of the
dredged material disposal operations. The NBCDF
has proven to be an integral part of the overall
strategy for managing the contaminated sediments
in the New York/New Jersey Harbor. The success
of the facility has proven that this method of
disposal is effective and could be further developed
to provide additional confined disposal facilities
for the harbor.

Several factors have contributed to the success
of operations:

+ Conducting thorough predisposal meetings so



that the tagboat/scow personnel are familiar in
advance with NBCDF protocol, especially
regarding communication with the Field
Professional. Good communications among all
parties involved are essential.

All parties are made aware of the need for
safe/effective operations at the NBCDF. The
future of more subaqueous disposal facilities in
this area hinges on the safe and effective
operation/management of this facility.

The liquid properties of the deposited material
resulted in a 50:1 slope, even layer of sediment
on the bottom of the NBCDE. Scows have
been directed to deposit the dredged material
in the center of the facility, providing maxi-
mum room for maneuvering and minimizing
distribution of debris so that sampling in the
NBCDF can be performed more easily in the
remainder of the site.

Favorable disposal conditions. A majority of
the projects to date have been conducted in rel-
atively light winds with good visibility. The
Field Professional has, albeit rarely, postponed
a disposal event due to excessive winds or
poor visibility. Also, wave action around the
NBCDF is relatively small given the protected
nature of Newark Bay.

The Newark Bay Confined Disposal Facility is

a great success and guides the region if more sub-
aqueous confined disposal facilities are desired in
New York/New Jersey Harbor in the future.
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ABSTRACT: This study investigated benthic biological and chemical characteristics to
determine if confined aquatic disposal (CAD) cells constructed during the Boston
Harbor Navigation Improvement Project (BHNIP) have resulted in changes to benthic
conditions and communities, In April 1999, hottom sediments were sampled from the
Phase I pilot cell (July 1997 construction), a Phase II cell (February 1999 construction),
and from ambient sediments. Sediment profile images, water quality parameters, grain
size distribution, invertebrate species composition and abundance, trace metals
concentrations, and organic carbon concentrations were analyzed. The results of this
study suggest that no major changes to the benthic habitat and community have
resulted from the construction of the BHNIP CAD cells. Fine sediment fractions (72%
to 98%) were consistently larger than sand fractions (2% to 32%) for all samples.
Sediment profile images revealed shallow (< 3 cm) redox potential depths, Concentrations
of trace metals appear to be similar among all stations. Invertebrate abundance was low
at all stations (0.33-8.33 indiv/0.00196 m?), and only seven polychaete genera were
found in total. Sand coverage and acoustic profile data from other studies reveal that
the caps are not distinct from the cell contents. Thus, the potential beneficial effect of
CAD cells on benthic communities may be compromised by design and/or construction
challenges rather than from inaccurate predictions of environmental benefits.

Key words: benthic communities, CAD, Boston Harbor, MA

INTRODUCTION

The Boston Harbor Navigation Improvement
and Berth Dredging Project (BHNIP) involves
dredging shipping channels and berths in the Inner
Harbor and its tributaries to increase the efficiency
and safety of overall shipping activities in the Port

!Corresponding author; telephone: 617-252-1741;
fax: 617-252-1615; email: jpederso@mit.edu

of Boston. For over three centuries, human and
industrial wastes have contaminated Boston
Harbor sediments with organic chemicals and metals
(Leo et al., 1994). In the 1980s, Boston Harbor
was considered one of the most contaminated har-
bors in the U.S. These contaminants may be dam-
aging or toxic to marine organisms (e.g., benthic
infaunal species and bottom feeding organisms)
that come in contact with contaminated sediments



and pore water. In addition, sediments and associ-
ated contaminants may be resuspended in the water
column or buried by bioturbating organisms (Shull
and Yasuda, 2000; Shull, 2001). Affected commu-
nities exhibit low species diversity and abundance,
and consist primarily of opportunistic species that
can tolerate environmentally stressful conditions
(USACE and Massport, 1995). Benthic communi-
ties in the Inner Harbor and tributaries are charac-
teristic of those found in contaminated environ-
ments.

The sediments deposited in Boston Harbor
since the last dredging project were deemed unsuit-
able for open ocean disposal. Confined aquatic
disposal (CAD) cells were determined to be the
least environmentally damaging disposal option for
the project (USACE and Massport, 1995). In this
method, dredged sediments are deposited into a pit
constructed in the channel bottom, and the contents
of the CAD cells are covered with a cap of clean
sand. In theory, the contaminated sediments are
concentrated into the cells, and pollutants are
sequestered by the caps. A potential additional
benefit is that the cap may provide a clean sub-
strate for benthic colonization and the change in
grain size may attract a different group of organ-
isms. Thus, sand-sapped CAD cells may influence
changes in the benthic community.

In July 1997, a Phase I CAD cell was con-
structed and filled with contaminated dredged sedi-
ments (MA DEP, 1998). Preliminary data gathered
in September 1997 indicate that the cap was not
evenly distributed, covering only approximately
70% of the cell, with the remaining 30% of the cell
surface consisting of exposed contaminated
dredged material (Fitzgerald and Shull, 1997; Shull
and Fitzgerald, 1997). Additional cells were con-
structed as part of Phase II of the project in 1999.

The purpose of this study was to evaluate dif-
ferences between pre- and post-project conditions
with regards to benthic colonization and sediment
contaminant levels in capped cells and uncapped
sediments. The capped cells were expected to have
different benthic community structures, cleaner
sediments, and less organic material than uncapped
sediments. Data on sediment characteristics and
infaunal communities were collected from the
Phase I pilot cell, the Phase II cell “M12”, and
undisturbed areas of the Inner Confluence and
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Mystic River in April 1999. These findings pro-
vide baseline data on early cap colonization, and
when compared to post-project benthic monitoring
studies, contribute to understanding the short- and
long-term biological and chemical effects of
confined aquatic disposal.

METHODS AND RESULTS

Water quality data, sediment profile images
(SPIs}), and grab samples were collected from sta-
tions at the Inner Confluence cell {IC), cell M12
(M12), and ambient (AMB) locations in the Inner
Confluence (AMB-IC) and Mystic River (AMB-
MYS). All grab samples and SPI collection meth-
ods closely followed the protocols established by
the Benthic Monitoring component of the MWRA'’s
Harbor and Outfall Monitoring Project (Kropp and
Boyle, 1998). Two sampling trips were conducted
on April 12 and April 29, 1999 on Northeastern
University’s RV Mysis, a fifty-foot research vessel
out of Lynn, Massachusetts. Several random coor-
dinate sets were generated within each of the pro-
posed sampling areas (IC, M12, AMB) as target
sampling points. During SPI and grab deployment,
the time, vessel position, and water depths were
recorded. Depth data were later corrected to
account for vessel draft, and normalized to Mean
Lower Low Water using six-minute water level
heights recorded at the National Ocean Service
(NOS) Boston Harbor Tide Station (#8443970) on
the sampling dates.

WATER QUALITY

Water quality data were collected from twelve
stations using a YSI 6820 hand-held instrument.
During each deployment, the following parameters
were recorded at the surface and bottom of the
water column: depth, temperature, salinity, specific
conductivity, dissolved oxygen, turbidity, and pH.

Daytime water temperatures ranged from
46.3°F to 54.6°F at the surface, and from 44.0°F to
44.8°F at depth. Salinity fluctuations were minimal
among all stations. Surface waters, ranging from
25.48 psu to 26.27 psu, were slightly less saline
than waters at depth, with measurements ranging
from 26.45 psu to 27.90 psu. Salinity values were
low overall, possibly reflecting spring runoff.
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Table 1. Sediment types, redox potential depths (RPDs), and particulate organic carbon (POC) composition. Sediment types were estimated from
sediment profile images (SPI), and measured from grain size analyses of chemistry grabs (percentages). RPDs {cm) were measured from SPI,
chemistry grabs, and invertebrate grabs. For POC analyses, marine sediment (National Research Council of Canada) was used as a standard
reference material (SRM), and POC composition measured from two SRM samples were 2.08% and 2.10%. Actual percentage of POC for

SRM = 2.19 +/- 0.09%. Asterisk (*} indicates no sample collected from that station.

Grain Size Deseription from SP1 and Redox Potential Depth (cm) from Particulate Organic
Percentage from Sieve/Gravimetric Analyses SPI and Grab Samples Carbon Compesition
Station ID SP1 % Sand| % Silt (% Clay SP1 Chemistry [Invertebrate (%)
: Grab Grab

IC-1 Fine sandy silt |11.95 [61.01 27.04 3.0 : 2.54.5 2.5 2.91

1C-2 Mud 11.22 162.71 26.07 1.0 4.5 4.5 3.02
1C-3 Mud * * * 3.0 * * *
IC-4 Mud * * * <1.0 * * *
M35-1 Sand, shell [* * * 25 * * *

MI12-1 Mud 3228 [71.80 4.08 <0.5 0.0 0.0 2.61
M12-2 Mud 1.86 [|43.88 54.26 <0.5 * * *
MIi2-3 Mud 15.87 |48.85 3528 <0.5 * * *
Mi2-4 Mud * * ¥ 0.0 * * *
M12-5 Mud * ¥ * 0.0 * * *

AMB-IC-1 Fine sandy silt [19.70 ]67.53 12.77 1.0 2.5 3.0 2.63

AMB-IC-2 Mud 11.77 |61.98 26.25 20 4.0 43 2.99

AMB-IC-3 * 1465 |66.47 18.88 * 15 3.6 2.56

AMB-IC-4 3.0 13.07 |57.86 29.06 3.0 4.0 4.3 2.90

AMB-IC-3 * 28.16  |69.53 2.32 * 1.5 3.6 2.60
AMB-IC-6 Mud ¥ * * 1.5 v * *

AMB-MYS-7 | Fine sandy silt |* * * <i.0 0.5-3.0 . 25335 2.66

AMB-MYS-8 Sand - 1.86 |43.88 54.26 1.0 0.0 0.0 0.16

AMB-MYS-9 "~ Sand 15.87 J48.85 35.28 <1.0 0.0 0.0 0.20
AMB-MYS-10 Soft mud * * * <0.5 * * *

Dissolved oxygen levels ranged from 9.8 mg/L to
11.5 mg/L at the surface, and from 8.1 mg/L to
10.3 mg/L at depth. Dissolved oxygen levels were
lower at depth for thirteen of the fourteen water
quality profiles collected for this study. pH values
were fairly consistent among all stations, ranging
from 8.0 to 8.2 at the surface, and from 7.8 to 8.1
at the bottom of the water column. Turbidity
measurements differed between surface and depth
levels. Surface levels for IC stations ranged from
0.04 ntu to 17.7 ntu, and from 12.4 ntu to 650 ntu
at depth. Surface levels for M12 stations ranged
from 0.9 ntu to 1.7 ntu, and from 1272 ntu to 1762
ntu at depth. Surface levels for ambient stations
ranged from 1.3 ntu to 5.2 nty, and from 698 ntu to
1080 nm at depth. Higher mrbidity levels at depth
for the M12 and ambient stations are consistent
with the silty surface sediments found at those
locations, proximity to major shipping lanes, and
M12’s recent construction.

SEDIMENT PROFILE IMAGES

Sediment profile images (SPIs) were collected

from eighteen stations. Because the still camera
was not functioning on the day of sampling, all
deployments were recorded on VHS video. The
footage was qualitatively (rather than quantitatively)
reviewed for following parameters: prism penetration,
apparent redox potential depth (RPD), sediment
type, sediment layers, and the presence of tubes,
burrows, oxic voids, anoxic voids, and gas voids.
RPD (Table 1) determined from SPIs for M3
and the five M12 stations were all less than 0.5cm.
RPDs for the four IC stations ranged from less than
lcm to 3cm. The eight ambient stations also had
RPDs ranging from less than 1cm to 3cm. RPDs
measured from chemistry and invertebrate grabs
are generally consistent with those measured from
SPlIs. Slight variations in the values may be due to
variability in the substrate at the stations, as the
grab and SPI apparatus likely did not touch down
at exactly the same location. Visual and grain size
analysis of sediment type ranged from mud to silt
to sand including some shells (M5) and fine-sandy
silt (M12 and 1C) (Table 1). Invertebrate burrows
were visible in two of the ambient station images
and two of the Inner Confluence images. Tubes



were visible in four ambient station images and all
four IC images. Neither burrows nor tubes were
visible in the M12 station images, perhaps due to
more recent disturbance. Biogenic mounds, bio-
genic pits, and/or mysid shrimp were visible at one
1C and three ambient stations. Paleomonid shrimp
were visible at the M5 station. Mysid shrimp,
foraminifers, and occasionally mollusks (bivalves
and gastropods) were observed in the samples, but
not in the subsamples, and were not included in the
invertebrate analyses.

GRAB SAMPLING

A 0.04m? Ted Young-modified Van Veen grab
was used to collect samples from eleven stations.
At each station two grabs were taken, one each for
biological and chemical analyses. Prior to subsam-
pling each grab, the grab penetration and sediment
color were recorded. In addition, a modified 60 cc
plastic syringe used to take a core of the grab con-
tents from which the apparent redox potential
depths (RPD) were measured. Three replicate
infaunal subsamples were obtained from each
infaunal grab using modified 60cc plastic syringes.
After the volume of each subsample was recorded,
each subsample and the remainder of the grab con-
tents were individually washed thoroughly through
a 300 um-mesh sieve with seawater and stored in a
10% borate-buffered formalin solution in separate
containers. For the chemistry grabs, the top two
centimeters of the sediment at grab’s surface were
removed using a stainless steel scoop and homoge-
nized in a glass bowl. The homogenized sediment
was then subsampled for grain size, trace metals,
organics, and particulate organic carbon analyses
and placed into separate containers.

BENTHIC INFAUNA

Infaunal subsamples were re-sieved through a
300 pm mesh sieve using distilled water and trans-
ferred to a 70% ethanol solution for storage. Prior
to sorting, subsamples were stained in a saturated
Rose Bengal solution. The subsamples were then
rinsed with fresh 70% ethanol solution and sorted
under a dissecting microscope. Sorted subsamples
were retumned to a fresh 70% ethanol solution for
storage.
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Seven species of polychaete worms were found
for all stations. These and other organisms found
included Polydora ligni, Cirratulus cirratus,
Streblospiro benedicti, Nephtys species, Capitella
species, Polynoidae juveniles, Prionospio species,
oligochaetae, nematodae, amphipods, hydroids,
crustacean larvae, shrimp, copepods, ostracods,
gastropod larvae, and foraminifera. While sample
size and grab quantities were small, the organisms
found at all stations are characteristic of contami-
nated habitats (Gallagher and Keay, 1998; Valiela,
1984). No statistical differences in richness
(P=0.921) or abundance (P=0.376) were found
between capped and uncapped sediments, nor were
any statistical differences found in richness '
(P=0.371) and abundance (P=0.235) among sam-
ples from the IC cell, M12, and the ambient sta-
tions. Because each grab was subsampled to
obtain three replicates, richness and abundance
data are reported in actual vnits measured,
#spp./0.00589 m? and #individ./0.00196 m?2
respectively. For the grab size used (0.04 m?), if a
full grab was used for each replicate, the richness
and abundance data units would be #spp./0.12 m?
and #individ./0.04 m?, respectively. Richness and
abundance values, both actual and extrapolated to
units standard to MWRA’s Soft-Bottom Benthic
Monitoring Program, are compared to those reported
for the MWRA Outer Harbor Stations for April
sampling (Hilbig et al., 1998) in Table 2.

SEDIMENT GRAIN SIZE

Grain size subsamples were collected from
eleven stations, though a processing error occurred
with ambient sample AMB-MYS-7. Two addi-
tional ambient samples collected in the Mystic
River consisted primarily of Boston blue clay.
These samples were retained, but were not ana-
lyzed because of the clay’s high density. The sieve
and gravimetric analysis technigques and
Krumbein’s phi (¢} scale, as described by Folk
(1974), were used to determine the sand, silt, and
clay fractions of the samples.

All samples contained a majority of silts and
clays (fines), with fines fractions consistently larger
than sand fractions (Table 1). No gravel was present
in any of the samples. Percent sand ranged from
2% to 28% for all stations. Mean percent sand for
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Table 2. Richness and abundance for Inner and Outer Harbor stations compared between results of this study and MWRA’s Soft-Bottom
Benthic Monitoring Program (Hilbig ef al., 1998). For purposes of comparison, extrapolated range was calculated by extrapolating data to
-match the grab volumes typically reported for a 0.04m? grab sampler. ('This study, 2Hilbig ef al., 1996).

Inner Harbor' Inner Harbor' Outer Harbor Outer Harbor*
-April 1999 -April 1999 -April 1996 -April 1997
Parameter | -Actual range -Extrapolated range -Actual range -Actual range
Richness | 1-7 spp./0.00589m” 20-143 spp./0.12m’ 21-70 spp./0.12m’ 18-60 spp./0.12m’
Abundance 0.33-8.33 , 6.7-169.7 , 160-6830 , 328-5254 ,
indiv./0.00196m: indiv./0.04m indiv./0.04m indiv./0.04m’

Table 3. Trace metal concentrations and metal concentrations normalized to fines.

BCSS-1 marine sediment (National Research Council of

Canada) was used as a standard reference material (SRM). Grain size analysis was not conducted on SRM; trace metal concentrations are not
normalized to fines. Concentrations in mg/kg dry weight.

Sample Source Calculation Ni Mn Cr |Co| Cu | Zn ([Cd| Pb
Concentration | Mean {32.78] 519.42|156.28/12.89)110.57)195.42| 8.51| 87.62
Ambient Taner Confluence (n=5) St. Dev.| 0.62| 154.24] 46.69| 3.91] 31.24| 54.74| 3.75| 25.29
Normalized to fines| M€an {39.29 744.00[248.25(18.27|167.83[302.43(10.17/134.18
St. Dev.| 9.67| 165.96| 97.69| 3.67| 53.57/105.26| 4.41| 45.04
Concentration | Mean_[76.44/1367.671204.75[30.86/109.79{275.38]10.34) 90.47

Ambient Mystic River (1=3) St. Dev.|13.55/ 400.48| 33.50| 8.91| 74.91]111.20{14.32) 82.98
INormalized to finesl Mean [92.56{1244:56/283.53(28.09]150.28/327.01] 2.23120.34|
St. Dev.| 5.50| 460.77/140.26] 9.00{118.78|156.46] 1.27/105.96|

Concentration | Mean [35.45 591.14176.3316.621;5.73 228.33] 9.83| 94.04

Inner Confluence (n=2) st. Dev.| 0.62] 28.57] 3.89 1.36] 529 6.56| 1.94f 3.73
INormalized to fines| Mean [40.10! 683.41{200.69]18.83144.02[257.85(11.12{105.63

St. Dev.| 0.93| 1540 3.89| 1.60] 4.28 9.52{ 2.26/ 2.58

MI2 (=1 Concentration | Mean [53.15] 750.24/311.4117.55(192.40(358.30]15.69|157.90
[Normalized to fines| Mean |57.08] 571.43[157.16]13.48123.64]246.50(17.65/110.12

Table 4. Mean concentrations of selected contaminants in various sediments. Values are listed for sediments from Boston Harbor, pre- and
post-BHNIP, this study, Massachusetts Bay Disposal Site (MBDS), Georges Bank shelf, and state (MA Category II) and federal (ER-L and
ER-M) limits. Concentrations are in ppm (table afier Fredette and Pederson, 1998). (\MWRA, 1990, 2USACE and Massport, 1995, 3SAIC,
1999b, 4USEPA, 1950, SBothner ef al., 1986, SCMR 314.90, "Long and Morgan, 1990).

Pollutant Boston Pre- Post- This | MBDS' | Georges MA ER-L and
Harbor' BHNIP® | BHNIP® | study Bank® | CategoryII° | ER-M’
Cd 23 4 371 103 <4 0.055 5-10 59
Cr 133 166 160 205 118 37 100-300 80-145
Cu 105 180 170 110 70 6.5 200-400 85-390
Pb 131 251 220 91 156 17 100-200 35-110
Ni 34 a1 43 76 29 12 50-100 30-50
Zn 219 304 380 275 220 30 200-400 120-270




Figure 1. Location for 13 sampling stations. Sediment profile images
were collected on April 12, 1999, and invertebrate and chemistry
samples were collected on Aprit 29, 1999. Collection locations are
marked with the letter “x”.

the IC cell, M12, and ambient stations are 12%,
7%, and 15%, respectively. The Amended Water
Quality Certification (MADEP, 1998) for the
BHNIP defined one criterion for a successful cap
as having surface sediments consisting of 90% -
100% sand. None of the sediments sampled in this
study approached this range. No statistical differ-
ences in sand composition were found between
capped and uncapped sediments (P=0.449), nor
were any statistical differences found among sam-
ples from the Inner Confluence cell, M12, and the
ambient stations (P=0.367). The contents of cells
constructed after the completion of this study were
allowed longer consolidation periods. Samples
from these cells revealed distinct sand caps (S. Wolf,
ENSR, personal communication}.

TrRACE METALS

Subsamples for trace metals were collected
from eleven stations. Samples were digested using
the microwave digestion technique described by
UMB (1995) and analyzed following the tech-
niques described by Shine et al. (1995). Marine
sediment supplied by the National Research
Council was used as Standard Reference Material
(SRM). Means and standard deviations for metal
concentrations and for concentrations normalized
to fines are presented in Table 3. Trace metal con-
centrations did not vary greatly among stations. No
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statistical differences for any metals concentrations
were found between capped and uncapped sedi-
ments, nor were any statistical differences found
among samples from the Inner Confluence cell,
M12, and the ambient stations,

Mean concentrations of selected metals in sedi-
ments from Boston Harbor, pre- and post- Boston
Harbor Navigation Improvement Project (BHNIP),
this study, Massachusetts Bay Disposal Site
(MBDS), Georges Bank Shelf, and state and feder-
al guidance level are presented in Table 4. The
state and federal guidance values are presented as a
range; concentrations below the low value are con-
sidered clean, and concentrations above the high
value are considered problematic (Fredette and
Pederson, 1998). Concentrations found by this
study are higher than the pre- and post-BHNIP
values for Cd, Cr, and Ni, but lower than pre- and
post-BHNIP values for Cu, Pb, and Zn. With the
exception of Pb, concentrations found by this study
are higher than Boston Harbor and MBDS values
for all metals. Concentrations at the Georges Bank
shelf, typical of an uncontaminated environment,
are lower for all metals than the values for this
study, Boston Harbor, BHNIP studies, and the
MBDS. Concentrations found by this study are
slightly above both the state and federal guidance
ranges for Cd. For Cr, Ni, and Zn, the concentra-
tions are within the state range, but above the fed-
eral range. For Cu and Pb, the concentrations from
this study are lower than the state range, but within
the federal range.

PARTICULATE ORGANIC CARBON (POC)
CONCENTRATIONS

Subsamples for particulate organic carbon
(POC) analysis were collected from eleven sta-
tions, and were analyzed according to the protocol
described by the HUSPH-DEH (1995).
Percentages of POC ranged from 0.2% to 3.0%
(Table 1). Mean percentage of POC for the IC
cell, M12, and undisturbed stations are 3.0%,
2.6%, and 2.1%, respectively. No statistical differ-
ences in percentages of POC were found between
capped and uncapped sediments (P=0.194), nor
were any statistical differences found among
samples from the Inner Confluence cell, M12, and
the ambient stations (P=0.133). POC percentages
varied little (2.1% - 3.0%), with the exception of
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two stations, AMB-MYS-8 (0.2%) and AMB-
MYS-9 (0.2%). Clay fractions were highest in the
AMB-MYS samples (Table 1), and this may
explain the low percentages of POC observed in
two of the three AMB-MYS samples. As very lit-
tle variation in POC percentages is seen among
most samples, no correlation between POC and
RPD is apparent. RPDs of 1 cm or less were
found at the two out-lying stations for POC per-
centage, as with some stations in other locations.

Discussion AND CONCLUSIONS

-This smdy found few differences between
capped and uncapped sediments, or between sedi-
ments from the Inner Confluence cell and M12.
Benthic communities do not appear to have
changed with the creation of CAD cells, nor do the
observed communities appear to vary with the age
of the cell. Species richness and abundance, gener-
ally found to be low in pre-project studies, remain
low for the CAD cells. The species found in this
study are characteristic of the more polluted areas
of Boston Harbor.

To reduce processing time, the invertebrate
samples and replicates were smaller in quantity
than what is typically collected for a study of this
nature. Due to the patchiness of many infaunal
communities, the invertebrates collected for this
study may not adequately represent the communities
sampled. However, the invertebrate, as well as
trace metal and grain size data generated by this
study are comparable to those reported by several
published baseline and monitoring reports (SAIC,
1999b; SAIC, 1997; ENSR, 1997; Fitzgerald and
Shull, 1997; Shull and Fitzgerald, 1997; USACE,
1995).

It should be noted that the intended sampling
plan for this study was not achieved due to naviga-
tional difficulties encountered during sampling,
which resulted in unequal and possibly inadequate
sample sizes for the three treatments (IC, n=2;
M1i2, n=1, and AMB, n=8). On April 12, 1999, the
differential GPS unit was malfunctioning. While
GPS coordinates for cell corners were obtained
prior to sampling, the depth readings obtained in
the vicinity of the cells were often inconsistent,
and it was difficult to determine the exact location
of a cell. Sediment cores and acoustic data collect-

ed from the Inner Confluence cell indicated that

the edges of the cell had likely caved in (SAIC,
1997; Fitzgerald and Shull, 1997), and the cell may
have lost its regular rectangular footprint. Finally,
the tidal currents in the Inner Confluence and
Mystic River may have caused the vessel to drift
off mark.

CAD cells are designed to sequester contami-
nated sediments with a cap of clean sand.
However, a distinct, silty surface layer was found
at all stations, as determined from sediment profile
images, turbidity measurements, and grain size
analyses. Sand fractions among sediments sam-
pled from within and adjacent to the pilot cell are
low and relatively consistent with each other.
Similarly, the Mystic River Ambient samples con-
tain sand fractions similar to the M12 sample.
Fines fractions are consistently larger than sand
fractions, regardless of the sample origin (in or out
of cap). Mixing of the sand layer with underlying
fine sediments, and/or misplacement of cap material,
are likely to have occurred. Trace metal concentra-
tions from the CAD cell sediments differed little
from those found in ambient sediments. If the
cells were capped, and benthic organisms were uti-
lizing cleaner sediments, low organic carbon levels
and higher redox potential depths would be expect-
ed for surface sediments in the cells. However,
even if outlying data points are eliminated, no rela-
tionship between RPDs and percentage of POC is
observed. The high trace metals concentrations in
surface sediments appear to correlate to low dis-
solved oxygen levels measured in this study.
Regardless of location, dissolved oxygen levels
were lower at depth for nearly all stations.

The results of this and several other studies
indicate that for the Inner Confluence cell, cell
M12, and other cells constructed in the Mystic
River, the goal of a sand cap at the surface of the
cells has not fully been achieved (SAIC, 1999;
SAIC, 1997; ENSR, 1997; Fitzgerald and Shull,
1997; Shull and Fitzgerald, 1997). Placement of
the sand cap is inconsistent, and/or the sand appar-
ently mixes or settles into the silty, liquefied mate-
rial deposited into the cells. The resulting scenario
is one where dredged material remains at least par-
tially exposed at the surface of the celis. In most
cases, sediments dredged from the shipping channels
and berths are similar to the surrounding ambient
conditions with respect to sediment type and con-
taminant levels (USACE and Massport, 1995).



Effectively, then, exposed dredged material in the
cells changes the overall benthic landscape very lit-
tle. The liquid silty contents of a new cell that have
not yet settled may be more likely to be resuspend-
ed into the water column by the passage of ship
traffic or other turbulence. The surface of complet-
ed cells also appears to be slightly below the depth
of the surrounding sea bottom. Boston Harbor is an
estuarine, and thus depositional, system, subject to
processes of sedimentation. The depressed sur-
faces of the cells may become silted in over time,
possibly reducing any beneficial effect of a capped
cell should a cap be effectively placed.

The potential environmental benefit of habitat
enhancement offered by sand-capped CAD cells is
theoretically attainable. However, the physical
challenges posed by constructing, filling, and cap-
ping the cells to design standards must be over-
come in order for a cell to function as intended. In
addition, research on local sedimentary processes,
the behavior of confined contaminated sediments,
and the interaction of these sediments with the
water column will contribute to a realistic assess-
ment of the environmental benefits and cost-effec-
tiveness of CAD cells. A well-planned monitoring
program is an essential elernent in developing the
CAD design and process. In addition to inverte-
brate sampling, sediment profiles and measures of
sediment contamination, grain size distribution,
and water quality assessed at regular intervals will
contribute to a better understanding of the impacts
of CAD cells on benthic biological communities.
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ABSTRACT: A significant technical problem, which has previously hindered the
collection of subsurface information in marine environments, has been solved through
the modification of a land-based geophysical technique for use in the marine
environment. Traditional marine design involves the evaluation of geotechnical design
options based upon a limited set of data collected from widely spaced borings and test
probes. On land, seismic refraction can be used along with a few drilled borings to
generate a relatively clear picture of the bedrock surface. In the marine environment,
seismic refraction has net traditionally worked well becanse of a troublesome
characteristic of marine sediments in shallow (harbor and bay) areas. This has forced
engineers in the past to drill a significant amount of expensive borings in the water in
order to gain the information they need.

The seismic refraction technique does not work well in the marine environment because
shallow marine sediments contain a significant amount of organic material which
degrades, producing biogenic gas. This “gas” becomes trapped within the sediment.
Traditional seismic methods in ocean areas have relied on acoustic signals generated in
the water column (air guns, “pingers” and “sparkers”), however these techniques only
work in areas where gas is not present in the sediment. An approach that mimics the
procedure used on land was developed in order to collect necessary subsurface
information in a shallow marine environment for a marine Superfund site clean-up
project. By laying out sensors (hydrophones) on the harbor bottom, and burying seismic
sources in the harbor bottom (below the gas pockets), the bedrock surface can be
imaged, producing results that are comparable with land-based methods.

Key words: imaging technologies, seismic refraction, CDF, New Bedford Harbor, MA

INTRODUCTION other subsurface features below the mud-line in
The determination of bedrock profiles and the marine environment has been difficult because
the high cost of drilling deep boreholes in-water
'Corresponding author; telephone: 973-630-8051; usgally limits t‘.he nur.nber of ava‘lk_"ble monitoring
fax: 973-630-8304; email: RFunk @ fwenc.com points at any given site. Geophysical methods
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have proven very useful for situations on land,
where seismic refraction and reflection has been
employed to profile the bedrock and other subsur-
face features for engineering and environmental
purposes (Dobrin 1976, Telford et al. 1976).
However, marine conditions often interfere with
geophysical signatures, particularly seismic, often
rendering the results unusable. This paper presents
the results of a program designed to overcome the
issues associated with the collection of seismic
data in the shallow marine environment; a prgram,
which resulted in the collection and interpretation
of previously unattainable critical foundation
information.

BACKGROUND

The New Bedford Harbor Superfund Site
encompasses a large portion of New Bedford
Harbor in southeastern Massachusetts; this is
depicted in Figure 1 of Borkland et al., “Bottom
Imaging...”, included in these Proceedings.
Sediments within the harbor are contaminated with
high levels of polychlorinated biphenyls (PCBs)
from historic transformer manufacturing that
occurred along the shoreline of the harbor. In
1998, the U.S. Environmental Protection Agency
signed a Record of Decision (ROD), which pre-
scribed a remedy for the clean-up of the harbor.
The New Bedford Harbor Superfund project is the
culmination of several years of consensus-building
among federal, state and local environmental agen-
cies, city officials, and an informed and involved
public. Numerous prior attempts at designing a
remedy had failed to obtain the necessary public
support.

The prescribed remedy identified in the ROD
calls for the dredging of the contaminated sedi-
ments from the floor of the harbor and subsequent
isolation of the contaminated material in four per-
manent shoreline confined disposal facilities (CDFs)
constructed for this purpose. The USEPA enlisted
the assistance of the 1.S. Army Corps of Engineers-
New England District (UUSACE) as manager of the
project. Under the New England Total Environmental
Restoration Contract (TERC), the USACE
assigned Foster Wheeler Environmental Corp. as
the lead design/build contractor for the work.

DESIGN ISSUES

The design of the four CDFs was one of the
most challenging aspects of the project. Much of
the critical foundation information needs for the
CDFs were in the shallow marine area adjacent to
the shoreline. Lying in between one and thirty feet
of water, the area eventually to be covered by the
marine-side footprints of the CDFs are underlain
by poorly consolidated marine sediments com-
posed of soft organic silts and clays, and silty
sands. Bedrock depths range from 30 to 85-feet
below mud-line, and test borings conducted in
summer 1999 indicated that the bedrock surface is
uneven and heavily fractured in places. The largest
CDF was to consist of a large cellular bulkhead as
the major containment structizre, with the ends of
the bulkhead tying into shore. The original design
concept for this cellular bulkhead involved driving
long sheets directly to bedrock. However, when it
became clear from the test boring program that the
bedrock surface within the project area was highly
irreguiar, the USACE design engineers determined
that more extensive information on the bedrock
topography and character than could be provided
by the test boring program alone would be needed.
Detailed knowledge of the extent of irregularity of
the bedrock surface had become a critical elernent
in the design process.

THE PROBLEM

If this were a project constructed entirely on
land, the collection of the bedrock depth and char-
acter information would be fairly straight forward.
Several seismic refraction lines shot across the pro-
posed foundation areas, supplemented by a few
well-placed borings, would provide the design
engineers with the information necessary to con-
duct options analyses and to then design the select-
ed option. However, in this case, most of the criti-
cal information needs are in the marine environ-
ment. Traditionally, methods for the collection of
bedrock information in shallow marine areas have
relied upon seismic techniques involving in-water
energy sources for the initiation of seismic energy
(either “pingers” or “sparkers™), with sensors also
deployed in the water to measure the return sig-
nals. The basic principle of operation relies on the
energy transfer properties of the water column to



transmit energy into the subsurface (as opposed to
land work where the energy and sensors are planted
directly into the substrate, resulting in direct energy
transfer to the ground). These in-water techniques
(known as *“sub-bottom profiling”} work quite well
in areas where there is an absence of an organic
bottom layer (i.e., in areas where the harbor bottom
is sandy or lacks appreciable organic content). In
shallow marine areas, such as is present in most
bays, harbors, and tidal flats found on the east
coast, an abundance of organic material on the har-
bor bottom renders these techniques useless for
profiling deep structures, such as the bedrock sur-
face. In such areas, the traditional approach has
been to drill additional borings. However, this is an
expensive prospect given the difficulty and risk
involved with marine boring campaigns.

THE GAS CONSTRAINT

The reason that the sub-bottom profiling tech-
niques do not work well in areas of high organic
content is because these areas tend to have pockets
of biogenic gas trapped in the subsurface. The gas
is the result of the decomposition process, which
releases methane in the subsurface during the
breakdown of the organic material. The gas
becomes trapped in the subsurface between and
under layers of silty, muddy sediment. The in-
water seismic sub-bottom methods all rely on the
transfer of energy from the water into the substrate
without interference. The energy that is transferred
is a pressure-wave (similar to a sound wave),
which transmits through solid and liquid medium,
but not through gas. Places where biogenic gases
are trapped in the subsurface impede the transfer of
pressure-waves, and the energy that was intended
to be transferred to the subsurface is entirely
reflected back into the water column instead, ren-
dering no useful information about the subsurface.
Attempts at imaging the subsurface using traditional
sub-bottom techniques were made at New Bedford
Harbor, with unsatisfactory results (see Figure 1).

OVERCOMING THE PROBLEM

Because the issue of foundation information
was so critical to the successful cutcome of the
New Bedford Harbor project, the USACE asked
Foster Wheeler geophysicists if there were a

GEOPHYSICAL IMAGING 63

Figure 1. This sub-bottom image shows a gas pocket.

method that could be applied which would image
the bedrock surface below areas with energy
impeding gas pockets. Recognizing that the key to
success on land-side seismic projects is the effi-
ciency at which energy is transmitted into the sub-
surface, it was decided that a modification of land
seismic methods involving direct connection of the
energy source and sensors with the substrate stood
the best chance of success. A methodology was
devised which involved placing high-energy seis-
mic sources (in this case small seismic explosive
charges) into the harbor bottom, below the level
where much of the biogenic gases accumulate. A
device was developed which would allow the
charge to be pushed into the substrate and then det-
onated from a surface vessel. The sensors (in this
case a weighted 48-channel seismic bay cable with
hydrophones) were likewise laid out on the harbor
bottom such that the sensors would lie in the mud
on the harbor bottom, providing the best possible
connection with the substrate.

RESULTS

The seismic refraction survey was then con-
ducted in the same general fashion as a land seis-
mic survey. Multiple “shots” (middle, end, and off-
end) were collected for each hydrophone spread
laid out on the harbor bottom. Data was collected
with Geometrics 24-channel and Oyo 48-channel
seismographs, similar to land refraction surveys.
From the very first “shot” set off in the harbor bot-
tom, it becarne apparent that the technique would
gencrate the kind of results that were required to
image the bedrock surface. The seismic refraction
records collected in the field (see Figure 2)
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Figure 2. A sample seismic record showing first breaks,

displayed clear “first-breaks” for all channels
recorded, and the time-distance ratios apparent on
the records indicated that indeed, returns were
being clearly received from the bedrock surface.
The largest challenge yet to overcome was to
obtain accurate position information on each of the
shots set off in the harbor bottom, as well as of
each of the hydrophones laid out on the harbor
bottom.

This information was obtained using a combi-
nation of GPS positioning equipment, and side
scan sonar underwater imaging equipment. The GPS
equipment was used to obtain accurate location

information on the shot points. Side scan sonar
was used to image the cable (which had been out-
fitted with acoustic side scan “targets” prior to
deployment) on the harbor bottom, and determine
the position of the hydrophones. The data was
processed using the same seismic refraction reduc-
tion software used for land seismic projects. Initial
processing was conducted using the SIPT process-
ing software (Scott 1973), which generates “stick-
type” cross-sectional images of the bedrock sur-
face. Because the SIPT models developed for the
CDF areas indicated there was the potential for sig-
nificant fracturing and other irregularities in the
bedrock surface to exist, the seismic data was fur-
ther processed using seismic ray tracing, monte-
carlo approach software (Palmer, et al. 1980, Singh
1978). The sections processed using the “SeisOpt-
2D” software (Optim Software) displayed the vari-
ations in seismic wave velocity in the subsurface.
These “velocity sections”, when viewed in concert
with the SIPT cross-sections (Figure 3), created a
clearer picture of the bedrock surface, indicating
the presence of several “low-velocity zones™ which
are interpreted as fracture zones or areas of weath-
ered bedrock with overlying boulders. Sections of
the subsurface were produced for each of the seis-
mic lines, generating a three-dimensional structure
of the bedrock surface in the areas of the proposed
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CDF walls. Finally, a contour plan of the bedrock
surface along the alignment of the CDF walls was
produced. Design engineers used this contour map
to assess CDF design options. Work in New
Bedford Harbor continues, with additional borings
and seismic data processing leading to a better
understanding of the harbor subsurface.

CONCLUSIONS

The medification of a land-based seismic
refraction data collection method was applied to a
marine data collection problem with excellent
results. Information previously considered unat-
tainable is now available, providing a new method
of data collection for engineers seeking details on
the subsurface bedrock configuration in marine
environments. The benefits include a significant
increase in the volume of information available to
engineers concerning bedrock character (thus
improving interpretations and reducing risk), and a
reduction in the cost of obtaining the information
that is considered necessary to make conclusions
concerning foundations in the marine environment.
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ABSTRACT: Frem 2000 to 2010, about 200 million cubic meters of heavily polluted
sediment are expected to be dredged from the Netherlands. These sediments originate
both from environmental (remediation) as well as maintenance cases. Since the 1990s,
major progress has been made together with many national and international partners
in tackling and improving our knowledge of contaminated sediments. Together, we
have conducted extensive research, formulated policy, set guidelines, built large-scale
disposal sites, performed remediation and reused dredged material within its area of
origin. The Duich Ministry of Transport, Public Works and Water Management plays
a major role concerning the removal and disposal of contaminated sediment.

Recently a large-scale study involving an cvaluation (cost and environment) of
sediment treatment and disposal options showed once again the necessity of regional
disposal sites. The same study also concluded that about 30% of the disposed
contaminated sediments could be reused using simple techniques like sedimentation
basins. Other recent stndies have shown the feasibility of the use of local pits for the
long-term storage of contaminated sediments, If one is careful and selects only suitable

sites, an overall efficiency of 99% can be achieved.

Key words: regional disposal sites, reuse, CDF, The Netherlands

INTRODUCTION

*‘Sludge from the Rhine’: that is what
Napoleon Bonaparte called the Netherlands back
then. Although intended as an insult, this is an apt
description of the Dutch landscape, given the
enormous deposits of sediment in the ‘settling
basin’ that the Netherlands just happens to be.
Figure 1 shows the close relation between land
and water in the Netherlands. Although the quality
of this sediment is now somewhat better, in the
1960s through the 1980s it was anything but
clean. As a heritage from the past, we expect that
for the period from 2000 to 2010 alone, about 200
million m? of heavily polluted sediment will be
dredged. These sediments originate both from
remedial (environmental) as well as dredging proj-
ects. Since the 1990s, major progress has been

1Corresponding author; telephone: 31 (3) 02858074;
fax: 31 (3) 02513193; email; J.K.Eenhoom&bwd.rws. minvenw.nl

made together with many national and international
partners in tackling and improving our knowledge
of contaminated sediments. Together, we have con-
ducted extensive research, formulated policies, set
guidelines, built large-scale disposal sites, per-
formed remediations and reused dredged material
within its area of origin. The Dutch Ministry of
Transport, Public Works and Water Management
plays a major role concerning the removal and
disposal of contaminated sediment.

DvurcH roLICY ON CONTAMINATED DREDGED
MATERIAL

The intemational and Dutch policy on contam-
inated dredged material (CIDM) has successfully
led to the large-scale reduction of the discharge
sources in the rivers. To address the remaining
problems of CDM in Holland, an inventory of con-
taminated sediments was made. The Dutch quality
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Figure 1. Map showing water management in The Netherlands.
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Figure 2. Classes of sediment contamination used for concentration
assessment.

assessment uses 5 levels to express the degree of
contamination of the sediments. This class-system
is based on concentrations of known pollutants in
sediment and two soil characteristics (containing
organic and clay components). Figure 2 shows the
classes used.

When sediment exceeds the warning level it is
regarded as a serious case. Since actual risks are
strongly related to local conditions, a more detailed
hazard assessment is required. This hazard assess-
ment uses both chemical and biological parameters
to determine the actual risks. If the hazard assess-
ment shows no (high) actual risks the sediment will
be left in place. Only high-risk sediments will be

removed.
In case of dredging projects the actual risk will
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not be determined since it will be removed from the
system anyway. There are 4 destinations possible
after removal (spreading, reuse, treatment and dis-
posal). Since spreading is not allowed for heavily
contaminated sediments, reuse mostly not possible
and treatment too expensive, most heavily contam-
inated sediments are disposed in large-scale con-
fined disposal facilities (CDFs). Current Dutch pol-
icy focuses on the creating of sufficient disposal
capacity, intensive research on the assessment sys-
tem of CDM, and the execution of critical remedial
projects. We also try to improve the CDM treatment
possibilities, :

[
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Figure 3. A diagram of the Dutch contaminated dredged material
systermn.

PROBLEMS

There are still some problems that remain to be

solved:

*  The most important is the large volame of con-
taminated sediments in the system. Although
many discharge sources have been cleaned up,
the background concentrations of recent sedi-
ment 1s still far from clean.

*  The hazard-assessment is still developing
which makes it hard to predict future CDM
quantities and qualities.

*  Due to opposition mainly caused by Not In My
Back Yard (NIMBY), realization of large dis-
posal sites (CDFs) is a big problem.

The last but not the least of the remaining
problems is the lack of operational treatment
facilities,
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CONSEQUENCES OF NOT DEALING WITH THE
SEDIMENT

One could argue to leave the sediments in the sys-
tem as long as these problems are not solved.
Unfortunately this is not an option for the following
reasons:

+ Increased threat of flooding in the river systems:
* this can lead to both a disastrous situation
economically and result in loss of human lives,
» uncontrolled spreading of contaminated
sediments.

* Hindrance for commercial and recreational
shipping;

* Environmental risks:

» effects on water for drinking and swimming,
+ dispersion of contaminated sediments,
* loss of ecological values.

DEVELOPMENTS

There are some important developments that
may help solve some of the problems concerning
CDM. Recently a large-scale study involving an
evaluation (cost and environment) of sediment
treatment and disposal options showed once again
the necessity of regional disposal sites. The same
study also concluded that about 30% of the dis-
posed contaminated sediments could be rensed
using simple techniques like sedimentation basins.
Other recent studies have shown the feasibility of
the use of local pits for the long-term storage of
contaminated sediments,

CDF: OPEN PITS

In the Netherlands open pits are not yet accept-
ed for use as CDFs. Since there are a number of
pits (created from gravel and sand exploration) and
there are increasing problems to create atoll-like
CDFs {(e.g., the Slufter in Rotterdam), the Aquatic
Sediment Expert Center (AKWA) examined the
use of open pits serving as a CDF. One of the
biggest advantages of open pits is the reduction of

the NIMBY effect (less visual imﬁtact).
The study concluded that the largest sediment

losses occur during filling. The largest influence on
sediment losses during filling is the current.
Although a stronger current will lead to a larger net
loss, the risks will decrease with stronger currents.

This opposite effect (higher loss, less risk) is
caused by dilution of the pollutants. It is important
to be selective with disposal techniques, not all are
suitable for filling a pit. If one is careful and
selects only suitable sites, an overall efficiency of
99% can be achieved.

CONCLUSIONS

Handling CDM is a major concern in the
Netherlands. In the next ten years alone about 200

million m3 of CDM will be removed from our
waterways. To determine the toxicity and reuse
possibilities of CDM, a class system is used.
Although knowledge of risk assessment is avail-
able it still needs to be implemented to upgrade the
Dutch CDM system. Since there is not enough dis-
posal capacity it will be necessary to use simpler
treatment methods to reduce necessary CDF capac-
ity. Since only 30% of CDM is suitable for treat-
ment, up-scaling treatment facilities will not solve
the entire capacity problem: additional CDFs must
be constructed. Open pits can be a good option as a
CDE
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ABSTRACT: The results of the Dutch research program on the development of
remediation techniques for contaminated sediments (POSW) were published in 1997,
One of the key conclusions was that complete transformation of contaminated sediments
to reusable products was not economically feasible. Based on the results of this program
politics decided to focus remediation on dredging and storage of the contaminated
sediments in regional Contained Disposal Facilities (CDF). The priorities based on the
available budgets are to remove the contaminated sediments from the water system and
to store them safely in these CDFs,

Dredging techniques have been developed to dredge selectively the contaminated
sediments with minimal negative impact on the surrounding environment.
Optimization of the use of the CDF by minimizing the volume to be finally stored is a
key item. This will be achieved with a combination of surgical dredging of the
contaminated sediments and the use of low-cost treatment techniques, such as soil
washing, sand separation, ripening, land farming and CDF-management.

CDFs are in different stages of development: operation, construction, and design in
combination with public outreach programs. In order to optimize the total remediation
Pprocess, it is essential that all stages between pre-investigation, dredging, treatment and
final storage fit together. For each project the aspects of importance must be recognized
and implemented in the selection of the working method. Based on the experiences with
the execution of various remediation projects key items of this process will be addressed.
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INTRODUCTION

In the mid-1970s, awareness grew that many
of the sediments in the Dutch waterways were too
polluted for disposal in the North Sea or to be
used for unrestricted upland disposal. The Duich
water system forms part of the delta of two of the
major rivers in North Western Europe, the Rhine
and the Maas. The sediments of these rivers settle
in the Dutch estuaries, including the pollutants
that were discharged into these rivers along their
course from Switzerland, France, Germany and
Belgium. The port area of Rotterdam, the main

ICorresponding author; telephone: 11-31-78- 6969011;
fax: 11-31-78-6969869; email: g.j. hoogewerff@boskalis.nt

port to the hinterland covered by these same
rivers, needed sufficient depth to receive the deep
draft vessels. Maintenance dredging, with a yearly

volume of 20-25x10° m?, is essential for the exis-
tence of the Port of Rotterdam. The contaminated
sediments were not permitted for disposal at sea
anymore in the mid-1980s.

In combination with an active source control
program, the Ministry of Public Works and the
Port of Rotterdam decided to constrct a CDF at
the mouth of the access channel to Rotterdam.
This CDF was intended to receive the contaminat-
ed sediments during a period of fifteen years. It
was expected that after these 15 years, source con-
trol would be effective and all dredged sediments
should be suitable for ocean disposal. The
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“Shufter” CDF was commissioned in 1987 and it
has a capacity of 200 million cubic yards. Now, in
November 2000, a volume of 100 million cubic
yards has been stored in the Slufter. After the suc-
cessful “Rhine Action Plan” reduced the pollution
at the source, the quantity of newly deposited, con-
taminated sediments was reduced substantially.
Annually, 5 million cubic yards of newly deposited
sediments is stored in the Slufter. Substantial vol-
umes of sediment from remediation projects up to
a distance of 150 miles from Rotterdam have been
stored in the Slufter. The Slufter, due to 1ts scale,
is still the most economical disposal facility in The
Netherlands. The actual disposal cost is US $5 per
cubic yard measured in the barge.

SR

Figure 1. The Slufter Contained Disposal Faciliry.

REMEDIATION HISTORY

Most of the contaminated sediment in the
Netherlands contains a great variety of contami-
nants resulting from the settlement of large quanti-
ties of suspended sediment from the Rhine and
Maas rivers in the Dutch Delta. In addition, in The
Netherlands, a few dozen hot spots exist due to
contamination by the local industry. The first
remediation projects were issued in 1988 by means
of a contest where the dredging and treatment
industry were challenged to propose innovative
solutions. These projects suffered from many
problems during the full-scale application of the
new technologies. Fortunately, a valuable learning
process was set in motion.

During this time, the “Development Program
on Remediation Processes for Contaminated

Sediments” (POSW) was set up and lasted from
1989 to 1996. This research program focused on
site investigation, dredging, treatment and storage
of contaminated sediments. Both pilot and full-
scale tests were implemented on many techniques,
Dredging companies participated actively in this
program and special equipment was developed and
improved by the execution of full-scale projects.

The conclusions of the POSW program are that
sophisticated cleaning techniques for dredged sedi-
ments are technically feasible, but are extremely
expensive. Minimizing the volume to be stored by
selective dredging and applying low-cost techniques
such as sand separation (soil washing) and dewa-
tering are the techniques within financial
Iimitations.

DurcH PoLicy

Budgets for remediation of the Dutch water
systemn are limited. The maximum benefit for pub-
lic health, taking into account this limited budget,
is obtained by remediation of the waterways and
storing the sediments safely in CDFs, For the
clean up of the waterways, adequate dredging tech-
nigues focused on high accuracy and minimal tur-
bidity and spillage are critical. Large regional
CDFs are the most economic solution because of
the size and economy of scale. Additionally, low
cost techniques such as sand separation by means
of sedimentation or settlement basins and/or hydro-
cyclones are promoted to optimize the capacity of
the CDFs and obtain material for beneficial reuse
at a reasonable cost. In the meantime, investiga-
tions for cleaning techniques continue at a modest
level.

DrEDGING OF CONTAMINATED SEDIMENTS

During the execution of the first remediation
projects in the late 1980s, grabs in combination
with surrounding silt screens were the rule.
Evaluation of these projects revealed that this con-
figuration, both from an environmental and an
operational point of view, was far from optimal.
Accuracy of dredging operations to improve the
clean-up result and minimize the volume of clean
sediments stored in CDFs became more important.
Limits were set on turbidity and spillage. This has
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lead to the development of a series of specialized
remediation dredging tools. The introduction in
1996 of the Real Time Kinetic (RTK) satellite posi-
tioning systems contributed substantially to
improve the accurate positioning of the dredging
equipment. The accuracy with the new RTK sys-
tems is in the order of 5 cm in all three directions.

HyDpRrRAULIC DREDGING

Various hydraulic dredges equipped with a cut-
ting device or knife to make a clear-cut level have
been developed by the different dredging compa-
nies. The cut material is hydraulically transported
directly to a dredge pump. These dredges are
appropriate for dredging areas where minimal
debris can be found. In those areas, these dredges
are most effective and the following features are
the key to successful remediation:

* High accuracy for selective dredging;

*  Minimal mrbidity generation;

*  (lean cut with minimal spill;

* Degasification systems installed;

* Aflow control system to minimize the volume
of water added;

* An active cutting device to cut cohesive and/or
sandy sediments;

* Sediments transported via a closed pipeline
system, which avoids risk of personal contact;

* The production rate is substantially higher than
mechanical dredging devices.

Figure 2. The Auger Dredge

Figure 3. The Environmental Disc Cutter Dredge

PrROJECT EXAMPLE

The Ketelmeer, a lake situated at the mouth of
the Ijssel river, one of the branches of the Rhine,
with a length of 10 miles and a width of 3 miles, is
a real sedimentation basin for the sediments trans-
ported by the Ijssel. The upper 30-60 cm of the
fine sediment is contaminated. Due to its shallow
water depth of less than 3 meters, sediment resus-
pension occurs at a big scale due to waves and
shipping. The sediment volume to be remediated is
15 million cubic yards. To store these sediments,
the regional CDF named "Ijsseloog"with a capacity
of 30 million cubic yards has just been commis-
sioned. Separation basins next to the CDF have
been constructed for low cost sand separation.

Before defining the parameters for the remedi-
ation, a dredging contest was established where
promising dredging techniques could demonstrate
their capabilities. A temporary CDF was construct-
ed for this purpose. Participating dredges were:

* Environmental Disc Cutter Dredge,

*  Auger Dredge,

*  Sweep Dredge, and

* Environmental Bucket Ladder Dredge.

All dredges passed the test criteria. One of the
aspects learned was that more attention had to be
paid to an accurate and reproducible position of the
interface between contaminated and clean sediments.
The accuracy of bathymetric surveys needed more
attention to be able to measure within the required
accuracy. Calibration of the fathometer was
improved by the construction of a fixed underwater
benchmark. The full-scale remediation of the
Ketelmeer started in September of 2000. The
Environmental Disc Cutter Dredge and the Auger
Dredge are operating on this project.
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Figure 4. CDF “Ijsseloog” in Ketelmeer Lake

MECHANICAL EXCAVATION

Many areas, where remediation projects have
to be executed, are in industrial or urban areas
where debris will be encountered. Debris is a
major problem for hydraulic dredging processes;
therefore in those cases where debris may be
expected, mechanical dredging is effectively the
only option. For the Elburg remediation project,
Boskalis developed the Horizontal Profiling Grab,
HPG, in combination with the Crane Monitoring
System, CMS. This grab is specifically designed to
excavate thin layers of material with a high accuracy,
causing minimum spillage and turbidity. The hori-
zontal profiling grab bucket provides a level cut as
compared to a conventional clamshell bucket's
semi-circular or arched cut. The horizontally closing
Profiling Grab is connected via a swivel to a
hydraulic excavator. In combination with an active
rotator, this system permits accurate positioning
and the dredging of a parallel cutting pattern, thus
eliminating ridges or windrows after dredging. The
large “footprint” of the bucket fosters optimum
production in thinner layers of material. Because
hydraulic cylinders actively and forcefully close
the grab, its vulnerability to debris has proven to
be minimal. The grab is fitted with vents, which
open when the grab opens and closes when the
grab closes. In this way the grab itself is a con-
tained area in which the contaminated sediments
are enclosed, and minimal turbidity and spillage
are generated during the lifting of the grab through
the water column and above the water surface.

The grab is used in combination with the
Crane Monitoring System where the actual bottom
level, grab position, and levels after dredging are

visualized. Design and actual bottom levels are
presented in Digital Terrain Models (DTM). The
CMS works by combining signals from the excava-
tor boom, stick, and bucket hinges, signals from
the swing of the excavator, the horizontal and ver-
tical position of the RTK antcnna, and the list, trim
and orientation of the barge. These signals are
assimilated in a computer that displays the entire
barge system in an animated and graphical format.
The digital pre-dredge hydrographic survey and the
configuration of the levels to be dredged are visu-
alized. The operator can dredge in pre-set configu-
rations or patterns based on a planned horizontal
and vertical grid. The graphical display gives a
record of the historical bucket position and grade
achieved during a particular anchor set. The HPG,
in combination with the CMS, has proven its effec-
tiveness on various remediation projects. During
the summer of 2000, Bean Environmental L.LC
realized a pilot dredge test successfully with this
system at The New Bedford Superfund site in
Massachusetts.

Figure 5. Horizontal Profiling Grab (HPG)

CDF MANAGEMENT

In the Netherlands, contaminated sediments
that do not comply with any criteria for beneficial
reuse are stored in CDFs. The large regional CDFs
are all atoll-like wet CDFs. Only in special cases
are sediments stored in upland dry CDFs. After
dredging, the sediments are transported directly
either by pipeline, scows, or self-propelled vessels
to the CDE. Unloading of the barges is accom-
plished with a barge unloader. Before the hydraulic
transport, some sieving or separation process must
remove coarse debris. Sieving devices, such as
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Figure 6. Sand separation at the Slufter CDF,

rotating sieve drams or big rock boxes operated by
remote controlled valves, have proven to be more
effective than static grizzlys for debris removal.
When unloading or transporting sandy material, the
sand is separated either by separation (sedimenta-
tion) basins and/or hydro-cyciones. With these low
cost techniques, space can be preserved in the CDF
and material for beneficial reuse is obtained. The
slurry is disposed of in the CDF by means of a dif-
fuser installed close to the bottom for rapid settle-
ment of the sediments and to minimize turbidity.
In case sediments have to be stored in dry dis-
posal facilities (landfills), often dewatering is nec-
essary to facilitate placement of the sediments in
the dry landfill. It may also be economically
advantageous to dewater these sediments when a
tipping fee-per-ton is charged. Dewatering can take
place by natural drying or mechanical dewatering,
In natural drying, sediments are pumped in basins
with a maximum layer thickness in the order of 1
meter. By means of excavating dewatering ditches
and creating heaps, with normal earth moving
equipment, drying is set in motion. In the North
West European climate, annual cycles normally
provide material suitable for fuial disposal in a dry
landfill. This method is relatively inexpensive, but
also asks for an extensive surface area with suffi-
cient control measures to avoid contamination of
the surrounding areas. Mechanical dewatering of
dredged sediments has also been applied at full
scale on various projects. The advantages are mini-
mum space and time required for processing, and a
more controlled process than in the case of natural

drying.

CONCLUSIONS

An integrated approach of all process steps is
essential to come to a successful execution of
remediation projects.

Debris is a key element in the design of the
remediation method.

To achieve a successful selective removal of
contaminated sediments, maximum attention
must be given to accurate site characterization
by reproducible pre-investigation and surveying
techniques.

Dredging techniques capable of removing con-
taminated sediment with high accuracy, mini-
mum turbidity, resuspension, and spillage are
operational at full-scale projects.

As budgets are limited, the maximum benefit
for public health is obtained by remediation of
the waterways and safe storage of these sedi-
ments in large Confined Disposal Facilities.
To preserve space in the CDFs and maximize
the volumes for beneficial re-use, low-cost
techniques as soil washing and sand separation
located nearby the CDFs are part of the
process.
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ABSTRACT: Operable Unit No. 1 of the New Bedford Harbor Superfund Site will
involve the dredging of approximately 750,000 yd3 of PCB contaminated sediments and
disposal of the sediments in near shore confined disposal facilities, Wastewaters
generated as part of this remedial action will require treatment prior to discharge back
into the harbor.

In September 2000, a 165-gpm pilot study was conducted to evaluate the effectiveness
of proposed water treatment system to meet the discharge requirements of (.063 ppb
(per Aroclor) for PCBs. The pilot system consisted of: an inclined plate clarifier,
chemical addition, sub-micron sand filtration and carbon adsorption. The existing
UV/Oxidation system utilized during the Hot Spot sediment removal (Operable Unit
No. 2, 1994-93) was also evaluated. The results and conclusions of the pilot study will be
presented,

Key words: contaminated sediments, PCBs, water treatment, CDE, New Bedford Harbor, MA

INTRODUCTION

The New Bedford Harbor Superfund Site (the
Site), located in Bristol County, Massachuseits,
extends from the shallow northern reaches of the
Acushnet River estuary south through the com-
mercial harbor of New Bedford and into 17,000
adjacent areas of Buzzards Bay. Industrial and
urban development surrounding the harbor has
resulted in sediments becoming contaminated with
high concentrations of many pollutants, notably
polychlorinated biphenyls (PCBs} and heavy met-
als, with contaminant gradients decreasing from
north to south. From the 1940s into the 1970s two
electrical capacitor manufacturing facilities, one
located near the northern boundary of the site and
one located just south of the New Bedford Harbor
hurricane barrier, discharged PCB-wastes either
directly into the harbor or indirectly via discharges
to the City’s sewerage system.

The New Bedford Harbor Site has been divided

1Corresponding author; telephone: 617-457-8238;
fax: 617-457-8499; email: jbrinkman @fwenc.com

into three operable units (OU) or phases of site
cleanup: The hot spot operable unit (OU #2), the
upper and lower harbor operable unit (OU #1), and
the Buzzards Bay or outer harbor operable unit.
This paper presents the results of a pilot-scale
water treatment study conducted in support of the
water treatment system design for OU #1.

BACKGROUND

In 1994, a 350 gallon per minute (gpm) water
treatment plant (WTP) was constructed at the New
Bedford Harbor Superfund Site (Figure 1) to treat
wastewaters generated during hydraulic dredging
of the Hot Spots sediment (PCBs > 4,000 mg/L)
removal activities (OU #2). The WTP consisted of
an equalization basin, chemical addition, a settling
basin, sand filtration, cartridge filtration, and one
(1) 270 kilowatt (kW) Ultraviolet (UV)/Oxidation
system. The WTP operated from April 1994 to
September 1995 and treated approximately 160
million gallons of water. The discharge limits for
PCBs and heavy metals for OU#2 are presented in
Table 1.



Table 1. Monthly average discharge standards

Contaminant OU #1 Discharge | OU #2 Discharge
Standard (pg/) Standard (ug/1)
PCBs 0.065 per Aroclor | 0.71 ug/l (total)
Cadmium 9.3 6.0
Chromium 50 7.1
Copper 5.6 83
Lead 85 48

For OU #1, approximately 750,000 yd? of PCB
contaminated sediment (400-500 mg/l average)
will be dredged and placed in shoreline confined
disposal facilities (CDFs). As with OU#2, the
resultant wastewater from dredging will require
treatment prior to discharge back into the harbor.
However, as shown in Table 1, the PCB discharge
limit for OU#1 was reduced by an order of magni-
tude based on risk assessments and operational
data obtained during the OU#2 operations.

In May 1999, the existing WTP was operated
to treat accumulated water associated with the
stored OU#2 dredge sediments. These tests indi-
cated that the existing UV/Oxidation system would
not be able to meet the more stringent discharge
limits. However, treatability tests were conducted
to simulate the chemical addition and settling
anticipated for a full-scale system. Water from
these treatability tests was sent to Calgon Carbon
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Corporation (Calgon) for UV/Oxidation bench
scale testing. The UV/Oxidation bench scale
results indicated that given an influent flow rate of
1,200 gpm and a PCB concentration of 2 ppb, the
new discharge limit for the 3 to 5 year project
could be achieved utilizing the existing 270 kilo-
watt (kW) system and five (5) additional 360 kW
systems. The capital and annual operational costs
associated with a 1,200-gpm treatment system
were estimated to be $1.8 million and $2.1 million,
respectively. In addition, Calgon indicated that if
the influent concentration were to exceed 2 ppb,
additional UV/Oxidation units would be necessary
in order to achieve the PCB discharge limit.
Therefore, as a result of the high costs associated
with UV/Oxidation, Foster Wheeler Environmental
Corporation began to investigate carbon adsorption
as an alternative tertiary treatment method for the
wastewaters from dredging.

Historically, carbon adsorption has been docu-
mented as an effective method of removing PCBs
from wastewaters. Results of site-specific bench
scale granular activated carbon (GAC) tests per-
formed by PACS, Inc. indicated that GAC would
be an effective altemnative to UV/Oxidation. The
capital and annual O&M costs for a 1,200 gpm
GAC system were estimated to be $252,000 and
$131,000, respectively. Therefore, based on
bench-scale testing and the potential cost savings
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Figure 1. The layout of the existing water treatment ptant at the New Bedford Harbor Superfund site.
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of GAC, it was determined to conduct a pilot-scale
test of the proposed WTP system.

PROCESS DESCRIPTION

The pilot-scale wastewater treatment system
was operated from September 11, 2000 through
September 29, 2000 and treated approximately 1
million gallons of water generated during the
dredging pilot study. The treatment system consist-
ed of chemical addition (alum, polymer), an
inclined piate clarifier, ulira-fine (<0.45 pm) sand
filtration, and GAC adsorption. Portions of the
existing WTP were utilized to conduct the pilot
scale tests and the existing UV/Oxidation system
was also evaluated using the more aggressive fil-
tration system. The site layout of the pilot scale
treatment system is shown in Figure 2 and more
detailed descriptions of the individual unit process-
es are provided in the following sections.

CDF CeLL #1

As was done during OU#2, sediments dredged
during the dredge pilot study were discharged to
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CDF Cell #1. The resulting supernatant was then
pumped from the CDF Cell #1 to CDF Cell #2
using a portable pump located at the site. In order
to control the concentration of total suspended
solids within the supernant, flexible hose and
adjustable piping were used to pump water from
varying depths within the cell. The average con-
centration of PCBs within the dredged sediments
was 400 mg/l.

CDF CELL #2

CDF Cell #2 was utilized as an equalization
basin prior to the wastewater being pumped to the
inclined plate clarifier. Utilizing CDF Cell #2
eliminated any mixing effects that could occur as
the dredged slurry was discharged into CDF Cell#1
and provided for a more consistent and representa-
tive wastewater stream entering the water treatment
system.

INCLINED PLATE CLARIFIER

Wastewater was pumped to the inclined plate
clarifier from CDF Cell #2 at approximately 100 gpm.
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Figure 2. Layout of the pilot-scale treatment system at the New Bedford Harbor Superfund site.



Both alum and polymer were added inline to the
influent water before the clarifier flash/slow mix
tanks. The pilot scale inclined plate clarifier,
which was obtained from another Superfund site,
had a capacity of approximately 2,500 gallons and
provided a residence time of 25 minutes.

The resultant flocculent settled to the bottom
of the clarifier and the effluent gravity flowed into
CDF Cell #3. The accumulated sludge was
pumped from the bottom of the clarifier into a
diaphragm plate and frame filter press for dewatering
or back to CDF Cell #1.

CDF CeLL #3

CDF Cell #3 was utilized as an equalization
basin for the filtration and tertiary treatment sys-
tems, Due to the flowrate differential between the
clarification and filtration processes, influent water
to CDF Cell #3 accumulated at 100 gpm for the
first several days of the study. Once approximately
200,000 gallons of wastewater had been collected
in CDF Cell #3, the existing sump pumps were
used to pump the water at 165 gpm (minimum)
through an ultrafine (0.45 pum) sand filtration unit
and subsequently to the GAC polishing units. The
CDF Cell #3 pumps were operated for 10 hours per
day. The increase in the effluent flow rate (100 gpm
vs. 165 gpm) was necessary due to the minimum
flowrate requirement (165 gpm) of the existing
WTP.

SAND FILTRATION

The sand filtration unit was rated for 0.45
micron nominal filtration and was sized to reduce
the total suspended solids (TSS) from 30 mg/L
(ppm) to less than 5 ppm. The sand filters were
operated at a flow rate of 165 gpm. A recirculation
flow rate of 225 gpm was maintained in order to
achieve optimal filtration. All backwash water
necessary for the periodic cleanout of the sand fil-
ters was returned to CDF Cell #1.

GRANULAR ACTIVATED CARBON (GAC)

Four 3000 1bs. GAC vessels (2 sets of 2 carbon
vessels in parallel) were placed immediately after
the sand filtration to ensure compliance with the
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discharge criteria. These GAC vessels were capable
of treating a flow rate of 280 gpm, however they
were normally operated at a flow rate of 165 gpm.
The effluent from the GAC vessels was then dis-
charged to the harbor.

UV/OXIDATION

After completion of pilot testing using the
GAC treatment system, the existing UV/Oxidation
unit was used to treat the wastewater for an addi-
tional five days at a flow rate of 165 gpm (mini-
mum). Effluent from the UV/Oxidation unit
flowed through the four GAC vessels for final
polishing prior to discharge to the harbor.

PieoTt ScaLE WTP REsSULTS

Water samples were collected before and after
each of the unit processes. The water samples
were analyzed for turbidity, PCBs, dissolved met-
als (cadmium, copper, chromium, and lead) and
total metals. However, since only PCBs and cop-
per were detected above the discharge limits in the
influent stream, only these data are summarized in
Table 2.

The data collected indicates that the contami-
nants present within the wastewaters are strongly
associated with the suspended particles and by
removing these suspended solids the majority of
the contaminants can be removed from the waste-
water stream. However, due to the source of the
wastewater (seawater) there are colloidal particles
present, which flocculation, clarification and filtra-
tion alone cannot remove. The concentration of
PCBs and copper associated with these colloidal
particles is sufficient enough that the wastewater
could exceed the discharge limits for OU #1.
Therefore, some type of tertiary treatment (GAC or
UV/Oxidation) will be required in order to achieve
the discharge limits for OU #1.

CONCLUSIONS

Based on the data collected during the pilot
scale WTP testing, the following conclusions were
made for each of the process operations:
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Table 2. Summary of pilot scale WTP results: average PCBs and
copper concentrations

Stream #1 m;y IT"gtBa]s D(lli)s[‘:::::d Cz(:::ler
(ne/M {(ne/ (nef)
1 16.15 7.03 10.48 18.64
2 6.23 6.03 7.37 9.4
3 1.03 1.26 7.87 8.64
4 0.48 0.94 11.92 14.98
5 0.5 < 0.065 15.0 17.4
6 - < 0.065 <30 3.79
7 0.15 < 0.065 <30 <3.0

1See Figure 2 for stream identifications

INCLINED PLATE CLARIFIER

An inclined plate clarifier can effectively
remove the majority of suspended solids present in
the influent stream. The addition of alum and
polymer was shown to effectively remove suspend-
ed solids present thus reducing the load to the fil-
tration system and increasing the effectiveness of
the tertiary system (GAC or UV/Oxidation). The
data indicates that the heavy metals are more closely
associated with the larger suspended solids that
were removed in the clarifier and that the PCBs
have more affinity to the smaller pin floc particles
that settled out in CDF Cell #3,

SAND FILTRATION

The sand filtration system was promoted as
being able to remove <0.45 pm particles.
However, the test data indicates that due to the col-
loidal particles present, the sand filters were only
about 60% effective in removing these particles.
Therefore, while the sand filters were effective in
removing suspended solids, traditional sand filtra-
tion systems (< 10 pm) will likely be just as effec-
tive. The concentrations of the contaminants with-
in the wastewater stream did not significantly
change after passing through the sand filter.

TERTIARY TREATMENT (GAC VERSUS
UV/OXIDATION)

Both the GAC and UV/Oxidation systems
were shown to be capable of achieving the dis-
charge limit for PCBs during the pilot test.

However, it should be noted that the UV/Oxidation
system was only run at half of its flow capacity
and as a result the wastewater steam was exposed
to twice as much energy. Historical data indicated
that the existing system will not be able to meet the
lower discharge limits when operated at its design
capacity of 350 gpm. In addition, the
UV/Oxidation system was not designed for and as
a result did not remove the dissolved metals pres-
ent in the wastewater stream. While not selected
for that purpose, GAC was also able to remove the
dissolved metals such that the discharge stream
met all the discharge requirements.

HEAVY METALS REMOVAL

The existing WTP was not designed to remove
dissolved heavy metals present in the wastewater
stream and the historical operational data indicated
that by removing the majority of the suspended
solids the heavy metals discharge limits could still
be met. As a result of the OU#2 operational data,
it was determined that the OU#1 WTP would not
require a dissolved metal removal system.

The pilot scale data indicate that the dissolved
copper concentrations were above the discharge
limits and, as a result were not removed in the clar-
ification, filtration and UV/Oxidation processes.
However, the dissolved metals were removed to
below the detection limit in the GAC system. This
likely is a result of the GAC being able to further
filter the wastewater and remove the colloidal par-
ticles that are present in the wastewater stream. In
addition, GAC is capable of removing trace
amounts of dissolved metals due to the particle
charges of the material.

FLEXIRILITY OF GAC vs. UV/Ox

Previous studies have indicated that
UV/Oxidation can achieve the desired discharge
lirnits if the influent concentration of PCBs does
not exceed 2 ppb. Therefore, if the PCB concen-
tration greatly exceeded this level the removal
effectiveness would decrease unless the system
was designed to handle a higher PCB concentra-
tion. The treatment effectiveness of GAC on the
other hand is primarily dependent on the absorp-
tion capacity of the carbon. If the concentration of
PCB varies in the influent, it would only result in



more carbon being exhausted. While this would
affect the O&M economics if the concentration
remained above the design PCB concentrations, it
would not result in an exceedence of the discharge
limit,

RECOMMENDATIONS

The anticipated wastewaters resulting from
OU#] sediment dredging can be treated effectively
with a WTP that consists of chemical addition,
clarification, filtration and carbon adsorption. A
water treatment plant which includes GAC would
1) provide for a more flexible treatment system, 2)
reduce both PCB and heavy metal concentrations
to below the discharge limits, and 3) result in sub-
stantially lower capital, and annual O&M costs.

TREATMENT OF DREDGED WATER
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ABSTRACT: Municipal sewage was placed in geotextile bags to evaluate the
dewatering and consolidation capabilities of large geotextile tubes and effluent water
quality. A proposed ASTM test method for determining the flow rate of suspended
solids from a geotextile containment system for dredged material was used to conduct
tests to determine the efficiency of different combinations of geotextile filters. As water
passed through the geotextile tube, samples were collected during, immediately after
and daily for several weeks to determine the total percent suspended solids (TSS), heavy
metals, and bacterial count. The quality of pore water or effluent passing through the
geotextile container systems proved to be environmentally acceptable for discharge into
the Mississippi River and/or return to the treatment plant. The test results indicated a
significant reduction in the sludge volume in the geotextile tube.

Key words: geotextile, dewatering, water quality testing

INTRODUCTION

The United States Environmental Protection
Agency and the Mississippi Department of
Environmental Quality have restricted the use of
many types of waste lagoons such as those operat-
ed by municipal drinking water and sewage waste
water treatment facilities. The regulatory agencies
have issued orders to restrict the use of these facil-
ities, but have failed to provide an economical
solution for future waste disposal. Dewatering
applications for fine-grained soil from navigation
dredged matenal maintenance projects and slodge
lagoons have been limited. Geotextile containers
filled with dredged material offer the advantage of
ease of placement and constructability, cost effec-
tiveness, minimal impact on the environment, and

1Corrc:sl:ocn:ading author; telephone: 601-636-5475;
fax: 601-630-9911; email: jfowler@ vicksburg com

confidence in containment. In addition to filling
with sandy materials, geotextile containers filled
with fine-grained maintenance dredged matenal
provide the opportunity for beneficial use, storage,
and subsequent consolidation of this material in
dike construction and wetland construction. It has
been demonstrated that these geotextile containers
retain about 100 percent of the fine-grained main-
tenance dredged material, therefore retaining the
contaminants. The purpose of this demonstration
test was to evaluate the dewatering and consolida-
tion capabilities of large geotextile tubes for
municipal sewage shidge and the water quality of
the effluent passing through the geotextile filter
fabric. The scope of this paper is to present the
results of the laboratory and field tests, to evaluate
the filling methods and techniques, and to evaluate
the consolidation and dewatering behavior of a
geotextile tube filled with sewage sludge.



BACKGROUND AND CASE HISTORIES

Since the late 1980’s, several thousand geotex-
tile bags, tubes and containers ranging in sizes from
1 1o 3,000 cubic meters have been successfuily
filled with a variety of fill materials in The
Netherlands, Germany, France, Japan, Brazil,
Australia and the United States and used as sub-
merged stability berms, groins, sill structures for
controlling thalweg erosion, scour protection
around piers, contraction dikes, dredged material
containment and disposal of clean and contaminat-
ed materials. For example, geotextile tubes filled
hydraulically with fine-grained sand were used
extensively on the northern shores of the
Netherlands for barrier dikes for subsequent
hydraulic fill behind the dikes (Krystian 1994).

The US Army Corps of Engineers (USACE)
demonstrated that geotextile tubes 4.6 m (15 ft)
wide and 152 m (500 ft) long and 1.5 m (5 ft) high
could be filled with fine-grained dredged material
for potential use by the Corps of Engineers for dike
construction and wetland creation at Gaillard
Island Dredged Material Disposal Island, Mobile,
AL (USACE 1992). Vegetation growth through
containers was very promising; natural propagation
occurred after the tubes were filled and the materi-
al began to consolidate. The dredged material, at
an initial wet bulk density of 1.3 g/ml in the geot-
ubes, consolidated 70% from an initial height of
about 1.2 m (48 in) to about 0.4 m (15 in) in about
two months.

Geotextile containers, which are dumped either
from dump trucks or split hull, bottom dump hop-
per barges, have been used successfully to con-
struct underwater stability berms, closures for
repair of breached dikes, groins, and thalweg scour
protection (Duarte et al. 1995). These containers
have been hydraulically and mechanically filled
inside split hull, bottorn dump hopper barges,
moored in place, and dumped. Design concepts for
material tensile strength, seaming requirements,
and properties with regard to creep, abrasion, ultra-
violet protection, tear, and puncture were docu-
mented under the Construction Productivity
Advancement Research program at WES.

SEWAGE SLUDGE DEWATERING TESTS
GEOTEC Associates and Nicolon Corporation
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have successfully demonstrated that large geotex-
tile bags and geotubes can filter and dewater
sewage sludge and retain almost 100 percent of the
fine materials. This was achieved in August, 1995,
when lime and aluminum sulphate wastes from the
Eagle Lake and Culkin Water Districts, Vicksburg,
Miss., disposal lagoons were placed in two geotex-
tile bags and one geotube (donated by Nicolon
Corp.) and closely monitored for filtration and con-
solidation testing.

The US Environmental Regulatory Agency has
required wastewater managers under 40 CFR, Part
503 Regulation and Specific Guidelines, to find
other alternatives for dewatering and disposal of
sewage sludge, preferably beneficial altematives,
such as combining green waste, fly ash, kiln dust,
and/or lime waste and dewatered sewage sludge for
land applications. Wastewater managers have been
directed to discontinue use of lagoons and submit
alternative methods of disposal for approval.

BAG TEST RESULTS

There was limited control over the percent
solids for filling the bags on any given day from
the sludge digester. However, there did not appear
to be much difference in the time of dewatering of
the lower or higher percent solids content materi-
als. The higher moisture content sludge material
took about 5 days and the lower moisture content
materials took about 4 days to achieve about 90
percent consolidation. There also did not appear to
be a significant difference in the dewatering capa-
bilities of the nonwoven polyester, Bag 1, versus
the polypropylene inner liner, Bag 2. The percent
solids, moisture content and wet density
approached approximately the same density in
about the same amount of time regardless of the
mitial sludge properties. After a soil filter cake
buiit up on the fabric, the total percent suspended
solids (TSS) for both bags stabilized. The initial
percent solids in Bags 1 and 2 was 6.6 to 14.9%.
The maximum percent solids increase for Bags 1
and 2 was 31% and 33%, for 128 and 132 days,
respectively. The TSS passing through the nonwo-
ven polyester geotextile fabrics, Bag 1, performed
slightly better than the nonpolypropylene fabrics,
Bag 2. TSS for effluent water passing through the
polyester fabric was less than 26 mg/l after 11 min-
utes of drainage and consolidation time. Bacterial
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fecal coliform count decreased to less than 100,600
colonies per 100 ml or to a class A material in less
than 29 minutes. These tests are not conclusive and
it is recommended that a battery of tests be con-
ducted under a more controlled environment.

Heavy METAL TESTS

Heavy metal content tests were conducted on
the effluent water samples passing through the
inner liner and outer fabrics for Bag 1 (polyester
nonwoven inner liner) and Bag 2 (polypropyiene
nonwoven mner liner). The results of these tests
indicated that arsenic was 1.4 to 1.52 mg/l in the
unfiltered sludge and was 0.008 mg/l to nondetect
(ND) after passing through the geobag fabrics.
Chromium was 1.9 to 4.8 mg/1 in the unfiltered
sludge and ND after filtration through the geobag.
Nickel was 3.2 to 5.8 mg/l before and 0.13 m/l to
ND after passing through the geobag. The detec-
tion limits for arsenic, chromium and nickel were
0.003, 0.04 and 0.01 mg/l respectively.

GEOTEXTILE GEOTUBE TESTS

The Nicolon Corporation provided a surplus
geotube from a US Corps of Engineers project,
Baltimore District, for this research project. The
geotube consisted of a 5.3 N/m? (16 oz/sy) nonwo-
ven polypropylene inner liner and a woven
polypropylene outer liner for support. The geotube
was 4.6 m (15 ft) wide and 9.1 m (30 ft) long.

GEOTUBE FABRICATION

The outer bag liner consisted of Nicolon
Geolon GT 500, which is a woven polypropylene
fabric that was initially used in geotube construc-
tion. Contractors had problems with failure of
these fabrics because they neglected to monitor the
inlet pressure during filling. Another problem with
woven polypropylene fabric is its tendency to fail
under high loads due to creep. Because of their low
creep properties it is recommended that polyester
fabrics be used in all geotube designs unless other-
wise specified. The woven polypropylene fabric
had an ultimate wide width tensile strength of 70
KN/m (400 pli) in the warp and weft. The tests
were conducted using ASTM D 4595 (ASTM
1986) and ASTM D 4884 (ASTM 1990). The

maximum strain was 20 percent in the warp and
weft, respectively. The apparent opening size
(AOS) was a US Standard sieve number 40-70.

The inner geotube liner consisted of a 5.3
N/m? (16 oz/sy) nonwoven polypropylene geotex-
tile fabric. The polypropylene inner liner has an
average thickness of 185 mils. The average grab
tensile strength for the polypropylene was 61
KN/m (350 pli). The purpose of the nonwoven fab-
ric was for retention of the fine sludge material.
The AOS for the polypropylene nonwoven fabric
was a US Standard sieve number 100.

The woven polypropylene fabric seams for the
geotube was about 44 KN/m (250 pli) in the warp
and weft. All seams were “T” seams. Seams con-
sisted of type 401, double lock stitches that were
sewn with a double needle, Union Special Model
#80200 sewing machine. The machine is capable
of sewing two parallel seams about 0.6 cm (0.25 in)
apart. The thread was a 2 ply 1000 denier passing
through the needles and 9 ply 1000 denier passing
through the looper.

GEOTUBE DATA AND ANALYSIS

A 15 cm (6 in) high wooden frame was con-
structed to form a box 4.9 m (16 ft) wide and 9.7 m
(32 ft) long. The box was lined with a 4-mil thick
visqueen liner to contain the effluent water from
the geotube. The required pressure, 207 Pa (0.3 psi),
to fill the geotube to a height of 1.5 m (5 ft) was
determined using a computer program, GEOCOPS.
The geotube consolidated 90 percent of its initial
height, or area, in the first 26 days after filling.
Using geotechnical consolidation theory and an ini-
tial measured percent sohids of 8 percent, an
assumed specific gravity of 2.5, the wet bulk density
was determined to be 1.05 g/ml. After 32 days, the
wet bulk density was 1.13 g/ml and the percent
solids was 19.2%. After 65 days, the wet bulk
density was 1.27 g/ml, and the percent solids was
21.0%.

Volume loss and flow rates during the primary
self weight consolidation of the sewage sludge in
the geotube averaged about 0.06 m? (15 gallons)
daily. After about 26 days loss rates decrease as the
geotube accumulates solids during consolidation.
The geotube held about 2 cubic yards per linear
foot for a 4.6 m (15 ft) wide tube or approximately
45.4 m3 (12,000 gal), whereas a 1.2 m (48 in)



circumference bag 1.5 m (5 ft) long only held

0.18 m> (48 gallons). The geotube held about 1.5 m’
(404 gal) of sludge per foot. The results from the
bag tests may not be used directly to predict geotube
performance.

Initially, the geotube was 8.0% solids with a
height of 1.5 m (60 in), and the contents settled to
21.4% solids at a height of 0.44 m (17.5 in) after
63 days of consolidation. The geotube was 0.4 m
(15 in) high after 120 days. Ninety percent consoli-
dation occurred in the geotube in about 26 days
versus 4 to 5 days for the geotextile bags. At 90%
consolidation the geotube dropped to a height of
0.5 m (21 in). Based on past experience it was esti-
mated that the geotube would subside to about 0.4 m
(15 in) as a result of self-weight consolidation or
about 23 percent solids or a reduction of about 75
percent of the initial volume.

CONCLUSIONS AND RECOMMENDATIONS

It was concluded that the geotextile bags and
the geotube were capable of retaining the fine-
grained sewage sludge and that these materials
respond similarly to the soil characteristics of
maintenance dredged material. It was shown that
geotextiles are capable of filtering the sludge so
that the effluent water passing through the fabrics
will meets the 30 mg/l discharge requirements in
less than 11 minutes of drainage time. It was also
concluded that this new and innovative technology
is capable of competing economically with other
alternative dewatering techniques for siudges. This
technique is passive, and does not require exten-
sive or constant labor and maintenance of equip-
ment. This technique is capable of increasing the
percent solids to about 22 to 25 percent in relative-
ly short periods of time. This concept of contain-
ing sewage sludge has proven to be construction-
practical, technically and economically feasible
and environmentally acceptable to other disposal
alternatives.

It is recommended that additives such poly-
mers, fly ash, or highly oxidized water etc., be
added during or after consolidation in the geotubes
to achieve a greater bacterial reduction. One alter-
native is to do nothing and let the dewatered sludge
stabilize naturally in the tube. It is also recom-
mended that small to medium size water and
wastewater treatment plants consider the use of this
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new and innovative technology for dewatering
sludge. Transportable geotubes have been devel-
oped for 6.1 to 12.2 m (20 to 40 ft) long dump
trucks and/or trailers. The geotubes can be loaded
onto the trucks after dewatering. Vacuum consoli-
dation systems are also available for transportable
geotubes. Current research is being conducted to
substantiate this research effort through an actual
full-scale project.

This new and innovative technology has been
used successfully to dewater fine grained, contami-
nated dredged material that contained dioxins,
PCBs, PAHs, pesticides and heavy metals for the
Port Authority of New York and New Jersey, the
Miami River Marine Group and the Port of
Oakland, CA (Fowler ef al. 1995). This is the first
successful use of geotextile tubes for dewatering
sewage sludge for beneficial uses in the United
States. Research using this process for dewatering
pork and dairy farming waste, paper mill waste, fly
ash, mining waste, chemical sludge lagoons and
several other waste streams is being conducted at
the University of Itlinois.
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ABSTRACT: The purpose of this paper is to describe the application of the Dry
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INTRODUCTION

Ashland Inc. has operated a hazardous waste
landfill as part of its refinery operations in
Catlettsburg, Kentucky since 1976. The landfill is
located in Boyd County, Kentucky, approximately
3 miles south of Catlettsburg, Kentucky. In
September 1998, the Kentucky Division of Waste
Management was notified that the 20-acre, head of
hollow, single cell landfill would be closed by
December 1999. Approximately 1.1 million cubic
yards of petroleum refinery waste had been land-
filled at the site during the past 22 years.

As part of the landfill operation, a wastewater
treatment unit was constructed to control surface
water discharges. The purpose of the wastewater
treatment unit was to collect and treat surface
water runoff and leachate that was generated from
the landfill during operations. The wastewater

lC‘,orrespcmdiﬂg author; telephone: 601-636-5475:
fax: 601-630-9911; email: jfowler@ vicksburg.com

treatment unit consisted of a concrete sedimenta-
tion basin and water treatment process, which
involved chemical precipitation, ozonation and
granular activated carbon processes. The water
discharge from the wastewater treatment unit was
discharged to a nearby creek and it was monitored
under a Kentucky Department of Environmental
Safety (KYDES) permit.

The Kentucky Department of Environmental
Protection (KYDEP) had requested that all sedi-
ments from the concrete basin be removed prior to
closing the landfill. In April 1999, it was estimated
that approximately 5,000 cubic yards of sediment
was contained in the basin. Since the sediment
was collected from a hazardous waste landfill, the
material was considered to be a listed waste.
Analytical testing indicated the principal chemical
constituents were semi-volatile organic compounds
(i.e., phenanthrene, chrysene, and naphthalene). In
April 1999, the KYDEP indicated that it would be
feasible to dispose of the sediment from the basin



in a local landfill during closure and prior to final
capping. This option provided a cost-effective
alternative to off-site disposal. The only require-
ments that KYDEP required for disposal was the
material needed to pass the paint filter test and no
free liquids could remain.

Since the KYDEP approved disposal of the
sediment from the basin into the local landfill, it
was necessary to evaluate several sediment
removal alternatives. Management of contaminat-
ed surface water and controlling discharge from
the 40-acre watershed during sediment removal
was one of the principal factors in evaluating sedi-
ment removal technologies. This was significant
because runoff could not be diverted around the
basin during removal and access to the basin was
limited because it was considered a confined
space. As a result of the evaluation process, the
project team selected The Dry DREdge™ technol-
ogy combined with in-place, Geotube, dewatering
of the wet sediment as the preferred method.

MATERIAL PROPERTIES

Three composite samples were obtained from
the basin for geotechnical testing. Particle size
distribution and hydrometer tests were conducted
to characterize the dredge materials. Plots of these
data are shown in Figure 1. Other geotechnical
tests conducted included Atterberg Limits (liquid
limit and plastic limit), natural water content, spe-
cific gravity, and geotechnical description. Results
of these tests are shown tabulated in Table 1.
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From these test results, the void ratio and the satu-
rated wet unit weight were computed.

The dredged materials were classified as fine-
grained dark gray plastic clay (CH to CL) with a
trace of sand. Particle size distribution testing
showed that composite sample 1 had 90 percent
passing a 200 sieve and samples 2 and 3 showed
that 99 to 100 percent passing the 200 sieve.

Atterberg limit tests indicated that the dredged
material had liquid limits ranging from 45 to 60
and plastic limits ranging from 22 to 25 with the
plasticity index varying from 23 to 35. (Atterberg
limits are index values determined from soil mois-
ture content.) The specific gravity of the soil
material varied from 2.75 to 2.78. The natural
water content ranged from 64 to 104 percent with
the void ratio ranging from 1.76 to 2.89. The satu-
rated wet unit weights for composite samples 1, 2
and 3 were 1.28, 1.5 and 1.46 g/cc respectively.

The dredged material exhibited water content
values greater than the liquid limit, indicating that
the material would act as a fluid mud. The dredged
material was very soft in consistency and exhibit-
ed very low shear strength. When the fine-grained
dredged material was clam-shelled from the sedi-
mentation basin and placed into the positive dis-
placement pump hopper, it flowed to the bottom of
the hopper.

DREDGE DESCRIPTION

Conventional excavation methods, such as,
hydraulic dredging and mechanical dredging with

Table 1. Laboratory testing assignment and data summary of sediment characteristics.

BN L% NEB SCAINON 1L815 L AAIS
WATER [EXs) RIASTIC | MAS uses SIFVF WYDROMFTER | TOTAI SPEOIFIC
58] CONTENT LRIT LINET ND. RYMB. WIS % MM ENNET CRAVTY
w £ PLASTIC k5| [k RO, 20D 7 pm WERIHT G
1958 PL %} %) ipcit
Corposite 1 54.1 45 22 23 CE B84 s 018 2.750
Corpasig 2 81.8 57 24 33 CH 9.8 45 835 2.7668
Composite 3 1044 14 7= 35 CH a88.5 33 o008 278
Woid Voicd in Situ Mokane L sqquidlity Aotivity Ratis
Ratio Ratio Density Reduction Index Rafio witL
e=vwiz atth ories fo kL il A
Composie 1 1.78 1.237358 1.83 0.5% R 025 142 not sensifive
Composite 2 2.54 1.626506 1.50 0.73 2% 24 161 Nt sensitive
*w ] 2.9¢ 1 6566 1.46 088 23 .25 1.74 not sensitive

Note: Plasticity of fines for United States Conservation Service (USCS) symbol based on visual observation unless Atterberg limits reported.
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Figure 1. A graph of particle size distribution.

clamshells or draglines typically suffer from several
serious limitations. These limitations include
significant resuspension of sediments at the point
of excavation, imprecise excavation of hot spots,
and free water entrainment in sediments requiring
expensive dewatering and return water treatment.

The Dry DREdge™ incorporates a specially
designed, sealed clamshell mounted on a rigid,
extensible boom (see Figure 2). The open clamshell
is hydraulically driven into the sediments at low
speed, minimizing sediment distarbance and resus-
pension. The clamshell is then hydraulically closed
and sealed, excavating a plug of sediment at its in
situ moisture content.

The sediment is deposited in the hopper of a
positive displacement pump. Depending on the
application, the hopper can be equipped for debris
screening, size reduction, vapor emission control,
sediment homogenization, and blending of addi-
tives to modify flow properties or stabilize contam-
inants. The sediment is pumped in a plastic flow
regime through a pipeline to its appropriate dispo-
sition. The discharge has the consistency of

toothpaste (see Figure 3). Depending on the in situ

moisture content and degree of hazard posed by the

sediment, the disposition may be direct feed to a

dewatering process, thermal treatment or stabiliza-

tion process, direct feed to on-site land disposal, or
direct feed to a transport vehicle.

The most unique advantage of this dredge is its
ability to deliver sediments at high solids concen-
tration corresponding to the in-sifiz moisture con-
tent. High solids content sediment delivery can
offer major economic advantages through the
reduction or elimination of dewatering and return
water treatment. Solids concentrations up to 70%
by weight have been pumped by this dredge
(Parchure et al. 1997). Other advantages include
the following:

* Excavation is accurate and precise. The
azimuth, declination, and extension of the
clamshell is electronically dispiayed in the
operator’s cabin and available for electronic
input to a programmable controller. Therefore,
the extent of the excavation (length, width, and
depth) is controlled easily by the operator. The



programmable controller can be configured to
completely excavate the area within range of
the dredge by systematically making a grab,
depositing the material in the pump hopper,
and remrning to make another grab immediate-
ly adjacent to, or overlapping, the last grab.

*  The clamshell-boom configuration allows the
dredge to work around rocks and pilings. It is
not limited to rectangular excavation patterns
as are horizontal auger dredges, or the inverted
cone excavation patterns of rotating basket
dredges. These excavation capabilities are
ideal for hot spot remediation.

* Excavation is achieved with minimal resuspen-
sion of sediments. Hydraulic dredge cutter
heads agitate the sediments in the vicinity of
the pump suction. Conventional clamshells are

Figure 2. The Dry DREdge™ in operation is shown removing
sediments.

material.
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allowed to free-fall in order to impact the bot-
tom with enough force to penetrate. Draglines
are pulled randomly through the sediments.
All these operations disturb the surrounding
sediments, resuspending particles and contami-
nants. Resuspension is a major concern when
dredging is conducted in bodies of flowing
water such as estuaries. The dredge is intrinsi-
cally sound for debris management. Unlike
hydraulic dredges, the pump suction is above
surface allowing visual inspection of debris by
the operator. Debris can be removed or shred-
ded and pumped. The decision-making capa-
bility is critical for certain types of debris,

GEOTUBE DESIGN

The design requirements were for a geotube
that had a circumference of 90 ft, a height of 5 ft
and a length of 160 ft. A maximum wet bulk density
of 1.6 g/cc was used in the design analysis. A fac-
tor of safety of 5.0 was used in the design, which
included factors of safety of 2.0 for seams, 1.5 for
creep and 1.5 for biological degradation. A cross-
sectional view for the geotube design for this proj-
ect is shown in Figure 4. This geotube design was
determined using a computer program,
Geosynthetics Applications Program (GAP),
(Palmerton 1998). This program assumes that the
geotube is filled with a fluid and does not have any
shear strength. The ultimate strength of the geotube
is directly dependent on the available wide tensile
strength of the seams. Since the seam strength
available is 300 pounds per inch width (pli) and the
required seam strength is 259.4 pli from the design
analysis then the geotextile fabric selected is
satisfactory.

GEOTUBE CONSTRUCTION

This project consisted of three 90-ft circumfer-
ence geotubes, 160 ft long constructed from 15 fi
wide panels of a woven polypropylene fabric.
Laboratory test have shown that this woven geot-
extile fabric has an ultimate breaking strength in
the warp of 400 pounds per linear inch width (pli)
and in the weft directions of 550 pli at 10 percent
elongation for both the warp and weft. These tests
have also shown the seam strength to be 300 pli for
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Figure 4. Cross sectional view of geotube and data generated from
the geosysthetics application program.

both warp and weft at 10 percent elongation
(ASTM 1986). The area opening size (AOS) for
the geotube fabric, which is also equivalent to US
Standard sieve size number, was about 50 (ASTM
1987).

The geotubes were manufactured by the TC
Mirafi Corporation, in Pendergrass, GA and
shipped to the project site in a protective covering.
Two rows of inlet ports with 1.5-ft diameter, 5-ft
long sleeves were provided every 25-ft along the
top of the geotube. Nylon anchor straps sewn to
the geotube perimeter every 10 ft that were used to
secure the geotube prior to and during filling. A 16
oz per square yard nonwoven polypropylene fabric
was placed beneath the geotubes to facilitate verti-
cal and lateral drainage during consolidation of the
dredged material in the geotube.

A very small amount of fines, less than 5-10 mg/1,
were evident in the decant water passing through
the geotube during the initial filling but this water
became very clear as the geotube was filled to the
design height of 5 ft. The decant water looked to
have a very light tan to clear color and it was felt
to be a insignificant loss of dredged material.

The 15-ft panels were sewn perpendicular to
the longitudinal axis of the geotube. All factory
seams were sewn with double stitched butterfly
seams. All seams consisted of type 401 double
lock stitch that was sewn with a double needle
Union Special Model #80200 sewing machine. The
machine is capable of sewing two parallel rows of
stitching about one guarter inch apart. The thread
was a 2 ply 1000 denier passing through the needles
and 9 ply 1000 denier passing through the looper.

CONCLUSIONS

The project was started in April 1999 and com-
pleted in June 1999. Approximately 5,000 cubic
yards of material was dredged from the sediment
basin and sequentially pumped directly into five
geotextile tubes located on the side of a mountain.
Filtrate was routed from each dewatering pad to
the existing runoff collection system and returned
to the basin. Random sampling of collected sedi-
ment indicated the majority of the material would
pass the paint filter test within 7 days. Limited
measurements indicated a free water loss of
approximately 20 percent. Observation would
indicate the bulk of this water is interstitial. Thus,
the use of the Dry DREdge™, geotube technology,
and onsite disposal resulted in cost savings of
approximately $1.0 million dollars.
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INTRODUCTION?

Coastal ecosystems providing vital natural
services to society have been severely damaged by
development. In addition, the ecosystem functions
of large areas of America’s remaining natural wet-
lands have been degraded by subsidence due to
groundwater, oil and gas withdrawals, and persist-
ent sea level rise (Delaney er al. 2000). Greatest
wetland losses in the United States have been in
coastal California and the northern Gulf of Mexico
{Tumer 1997; Zedler et al. 1997).

Hundreds of cubic kilometers of sediment are
dredged each year for commercial and recreational
purposes and discharged into the nation’s oceans,
estuaries, rivers and lakes, or to land-based disposal
facilities. Dredged material containment facilities
are nearing capacity or are already full; and opening
new containment sites creates numerous social and
economic conflicts. Dredged materials are invalu-
able resources for stabilizing or restoring
America’s wetlands and beaches; and methods of
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ga.x: 401-789-8340; email: bep @uri.edu
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*Reprinted from Ecological Engineering, Vol. 19:3, Costa-Pierce and
‘Weinstein, Use of Dredge Materials for Coastal Restoration, pages
181-186, Coepyright 2002, with permission from Elsevier.

wetland restoration using uncontaminated dredged
materials are either straightforward, or, are in
development. While development may have
altered the hydrology of wetland ecosystems and
reduced vegetative cover, the hydric soils built
through geological time remain. In these cases,
wetlands can be restored simply by adding uncont-
aminated, dredged materials on top of subsiding
wetlands. The increased elevation will allow for
marsh vegetation to be established. Testing and
evaluating the contaminant status of dredged mate-
rial are the first steps to exclude contaminated
materials unsuitable for environmental use.

Twenty-four case studies from the U.S. Army
Corps of Engincers/EPA web site
(http:/fwww.wes.army.milfel/dots/budm/index. html)
on the beneficial uses of dredge materials were
summarized (see Table 1). In comparison with the
enormous quantities of materials available, the
majority of projects were small (less than 100
acres); used sand and silts; used riprap for protec-
tion in low to moderate energy environments; and
lacked long-term monitoring and research. Costs
of projects ranged from $1.00 to $11.25 per cubic
yard, with a mode of $1.50.

The Clean Water Action Plan
(http://www.nhg.nrcs.usda.gov/cleanwater/initia-
tive.html), and the Coastal Wetlands Protection,
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Table 1. Summary of 24 projects from the U.S. Army Corps of Engineers/EPA web site,
(http//www.wes.army. mil/el/dots/budm/index.html), on the beneficial uses of dredged materials,

Environmental Size Substrate Energy Physical Costs Environmental
Dredge Projects | (acres) Levels Pratection | (yd®) Monitoring/Reseach
Programs
Atchafalaya River, 15 Silt Low None 2.00 None
LA
Atlantic Intercoastal | 100 Sand, silt Low None or 1.00 “Dredged material research
Waterway riprap program” (DMRPY;
USFWS/University post-
: monitoring
Barren Island, MD 100 Sand Low to Geotextile | NA ACE
moderate tabes a few
hundred
feet from
shoreline
Columbia River NA Sand Moderate None NA Daring project only
Islands, OR & WA
Core Sound Islands, 15 Sand High 40 ft*Nylon | 1.50 UNCW; NCSU; ACE
NC sandbags post-monitoring
Craney Island, VA 400 Silt Moderate Riprap dike | NA None
Donlin Island, CA 35 Silt, sand Low None 1.50 Long-term by UCD & ACE
Folly Island, SC 20 Silt, sand Low None 2.28 Local birders; ACE
Gaillard Island, AL 35 Silt, sand Moderate Riprap dike | 1.25 ACE
Great Lakes Islands, | 0.5-— Sand, Moderate Riprap or 1.00 Monitored 3x by DMRP;
MI & MN 100 cobble none most recently 1985
Gulf Coast Intra- 05~ Sand, silt Low Riprap, 1.00 Most of the waterway is not
coastal Waterway, 100 dikes, or monitored
FL, AL, TX none
Hart-Miller Island, 1,100 Silt, sand High Riprap NA MD State Agencies pre-,
MD during, & post-; long-term
management plan
Hillsborough Gay, 400- Sand High Limited 11.25 FL State Agencies during
FL 500 riprap project
Mobile, AL 33 Sand, shell, | Moderate None NA Short-term within project
silt
Muzzi Marsh, CA 50 Silt, sand High, None 2.00 CA Coastal Commission;
variable ACE ‘
Pacific Coast Islands, | 2 -200 | Sand, High None Less DMRP during project only
WA, OR, CA cobble, than
volcanic 1.00
materials
Pointe Mouillee, MI | 4,600 Sand, silt High, Reinforced | 9.43 MI State Agencies (DNR);
variable riprap dike ACE does long-term
& side
dikes
Queen Bess Island, 8 Silt, sand Low None $70; LA DNR; ACE during
CA 156/acre | project
Slaughter Creek, MD | 4 Silt, sand Moderate Nore 1.50 Pre-, during and post-
monitoring by NMSF &
ACE
Tennessee- 14,000 | Silt, sand Low None NA ACE; MSU; MS & AL
Tombigbee State Agencies
Waterway, AL & MS
Texas City, TX 4 Silt, sand Moderate Rubbie 1.25 ACE
Breakwater
Times Beach, NY 25 Silt, sand Low CDF dike NA Aundubon Society; ACE
Warm Springs, CA. | 100 Silt High Dikes; NA Pre-project by CA DNR &
culverts consuttant; Long-term by
State Agencies
‘Weaver Bottoms, 5,000 Sand Moderate Nene NA ACE; USFW5; MN & WI
MN ' State Agencies

ACE =U.S. Army Corps of Engineers
UCD = University of California, Davis
UNCW = University of North Carolina Wilmington

NCSU = North Carolina State University
USFWS = U.S. Fish and Wildlife Service
DNR = Department of Natural Resources
MSU = Mississippi State University
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Plam]j_ng’ and Restoration Act http:/fwww.wes,agny.mﬂfe]ldotsfbudm/index.html N
(hitp://www.nmfs.gov/habitat/restoration/cwppra/ Mle;aﬁfl;‘_ g‘fmﬂﬁ; 3iﬁeﬂf§°§:}ﬁg;f;ﬁ°§$ﬂ'
index.htm) establish the groundwork to increase wetlands? Fisheries 22:26-28.
the area of restored wetlands in the USA. Disposal
of uncontaminated dredge materials into the
Nation’s waters and landfills creates a needless
waste of America’s ecological, economic, engineer-
ing and scientific wealth. Three assessments by
National Research Council (NRC) have stated that
the restoration of coastal wetland and beach
ecosystems is a national priority (NRC 1992,
1994a, b). NRC (1994b) recommended that
“Federal science agencies should encourage rapid
advancement of the science and engineering of
ecosystem restoration and rehabilitation”, More
collaborative, interdisciplinary studies need to be
funded within long-term monitoring programs to
evaluate fully the key ecological engineering
aspects of using uncontaminated dredge materials
for environmental purposes. One noteworthy pro-
gram is the “Beneficial Use of Dredged Materials
Monitoring Program”, a collaboration between the
U.S. Army Corps of Engineers New Orleans
District and the Coastal Research Laboratory,
Department of Geology and Geophysics,
University of New Orleans
(http://delta.geol.uno.edu/coastal/research/bump/
index.html).

Increased use of dredged materials in coastal
areas will make disposal of uncontaminated
dredged materials unnecessary. It should be the
policy of the United States government and its
agencies to use every available uncontaminated
cubic yard of dredge materials for beneficial
environmental purposes.
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ABSTRACT: The shape of our coastline is constantly changing due to the impact of
natural processes and man-made influences. Coastal areas are under threat from
flooding and in many regions sea defences are eroding. Traditionally, heavy engineering
has been used to protect coastal areas and high costs have been encountered. New
schemes and trials that combat the changes and impacts on our coastlines have started
to be undertaken throughout Europe on a small scale, and these have been termed
coastal realignment schemes. Coastal realignment schemes are a relatively new
approach, and they may involve letting existing land flood, and setting the coastline
back, more commonly termed managed retreat, or placing material in front of coastal
walls and sea defences and building forward. This paper focuses on the placement of
dredged material for building forward of coastal sea walls and sea defences.

HR Wallingford undertakes a number of projects dealing with the beneficial use of
dredged material in the marine environment. Of particular interest is the increasing
requirement to explore the practical, technical and socially acceptable use of muddy
dredged material. HR Wallingford is shortly to complete a Ministry of Agriculture,
Fisheries and Food (MAFF)’ funded project which involves monitoring schemes where
muddy (maintenance dredged material) is placed at estnary sites. This paper reviews
the process in the UK for undertaking such projects and practicalities involved. It will
summarize the lessons learned from a number of sites where dredged material has been
used beneficially for habitat creation. Case studies include salt marsh recharge, mud flat
creation and trickle charge feeding of sediments into the estuary system via water
column and sub-tidal placements,

Key words: mud, sediments, beneficial use, habitats, sustainability, coastling, United Kingdom

INTRODUCTION tonnes of dredged material are generated annually
In the United Kingdom there are some 500 and historically much of this material is disposed
separate port terminals handling 550 million of to sea. The majority is not contaminated and
tonnes of freight traffic. Through routine mainte- could be seen as a resource and not a waste.
nance dredging and capital dredging up to 50M Coastal and estuarine habitats of interest in the

UK include salt marsh and tidal mud flats. Salt
marshes occupy some 14% total of the tidal area
on British estuaries but are under decline. For
example, over one third of existing area of salt

1Cc-rrespondijzlg author; telephone: (0)1491 835381;
fax: (0)1491 832233; email: caf@hrwallingford.co.uk

ZSince the paper was written MAFF have reorganised and are now
called DEFRA



marsh in parts of the east Anglian coast has already
been lost to erosion in as little as 15 years.

Tidal flats vary from soft muds in sheltered
inner parts of estuaries to sandy flats in outer, higher
energy, areas. They support a vast array of inverte-
brates (e.g., crustacea, molluscs and worms) and a
huge biomass. There are over 265,000 ha of inter-
tidal flats in the UK (Woodrow, 1998).

Coastal and estuarine habitats are of important
ecological and conservation value. Over 2M water-
fowl depend on UK estuaries, which represent
more than 30% of the entire north-west European
wintering population (Woodrow, 1998). Many estu-
arine areas in the UK are now designated sites
under the European Habitats Directive. That at
least 77 ports operate within or have jurisdiction
over 44 sites of international importance clearly
demonstrates that a conflict in use of these areas
could exist.

Salt marshes and mud flats, however, are also
of importance to coastal defence systems. Salt
marshes buffer wave energies, offer a natural
defence, and reduce required heights and mainte-
nance costs of sea defences (Brampton, 1982;
Moller et al., 2000).

On eroding shorelines, the beneficial use of
muddy dredged material in habitat creation may
have an important role in coastal defences for some
UK estuaries and coastlines. Indeed it is recognised
that there is an increasing need for more cost-effec-
tive sustainable sea defences (MAFF, 2000).
Dredged material may be used in the creation or
remediation of habitats such as salt marshes and
mud flats. This beneficial use would actually meet
three aims: to use dredged material beneficially, to
maintain or increase biodiversity, and to support
coastal defences in a more integrated and hopefully
sustainable manner. This paper is interested in the
beneficial use of muddy dredged material for
habitat creation and coastal processes.

POLICY AND PROCEDURE

The UK is a signatory to a number of interna-
tional conventions which involve dredged material
disposal and biodiversity issues (e.g., London
Convention, OSPAR Convention, RAMSAR
Convention, Biodiversity Convention). The con-
struction of coastal defence projects or placement
of material (sea disposal of dredged material)
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below mean high water springs (MHWS) in UK

controlled waters, is regulated under Part IT of the

Food and Environment Protection Agency (FEPA),

1985 (Great Britain, 1985). The Ministry of

Agriculture, Fisheries and Food (MAFF) is the

designated licensing authority for England and

Wales. Other legislation of importance includes

the Water Resources Act and the Habitats

Regulations, which enact the Habitats Directive.
In considering an application for a license for

coastal protection works, the primary objectives

stated under FEPA are:

* The protection of the marine environment, the
living resources which it supports and human
health;

« The prevention of interference with other
legitimate uses of the sea; and

* Any other matters the licensing authority
deems relevant.

The process is subjective and based on a site-by-

site, case by case approach which depends on the

risk of impacts occurring as a result of disposal.

Presently there are no written guidelines that can

be given. Itis a pragmatic approach where costs

are based on the risks involved. The Centre for

Environment, Fisheries and Aquaculture Science

(CEFAS) are the scientific advisory body for

MAFF. CEFAS and then MAFF under FEPA aim

to have enough information so that they can make

an informed scientific decision.
The present CEFAS process involves

(Matthewson, 2000):

* Information gathering (location and scale of
the operation, type of material to be deposited-
physical, chemical and biological, methods to
be used during construction, timing and dura-
tion of the project, consultation with outside
organisations and other statutory bodies, e.g.
CEFAS).

* Assessment and advice by CEFAS and Sea
Fisheries Inspectorate (SFI) includes; effects
on conservation sites, effects on fish and shell-
fish resources and fishing activity (CEFAS
advise MAFF on fish as a resource and likely
impacts while SFI are involved in the commer-
cial side of fishing and catching fish), effects
on water quality, effects on coastal processes,
effects on other uses and users of the area,
provision of an Environmental Statement.

A number of schemes have been progressed,
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such as at Harwich and Southampton, using sands
and gravels for beach nourishment and silts for salt
marsh or mudflat feeding. In general, there are per-
ceived difficulties with the co-ordination between a
dredging project and the receiving coastal protec-
tion scheme, and early discussion with
MAFF/CEFAS is encouraged where the beneficial
use of dredgings is a possibility.

A FEPA Licence will be issued where the likely
environmental effects of the project are considered
acceptable and contamination at a level which
would be detrimental to the environment is not
present. The licence may also require a programme
of monitoring work to be undertaken during the
construction works to validate the assessment
and/or allow action to be taken against an observed
impact. Mostly under licence there is a requirement
for bathymetry monitoring only with more detailed
monitoring for feedback not generally being
required.

In recent years a concerted effort to apply ben-
eficial uses to natural resources and environmental
projects has been made. Increasing awareness of
this fact has prompted MAFF to inaugurate a policy
whereby any application for a licence to dispose of
dredged material will be required to show that
possible beneficial uses have first been properly
considered. Some dredged material has potential
uses for coastal defence and this is strongly
encouraged, not least through the application of
lower disposal licence fees.

Whilst there are some ideas on beneficial uses
of dredged material outlined in MAFF Coastal
Defence and the Environment document (MAFF,
1995) and also published in grey literature, there
are no checklists or established guidelines for mon-
itoring and examining them. Nevertheless some
beneficial use projects are under active considera-
tion, whilst others are already in progress and some
have already been completed (Murray, 1994).
Typically beneficial uses have involved coarse
material such as beach nourishment schemes. Of
increasing interest is the use of more muddy mate-
rial from maintenance dredging which has been
generally considered of less use than gravel and
rock from capital dredging.

TYPES OF DREDGER
The main methods of dredging and disposal for

Table 1. Types of dredger and means of disposal/placement.

Dredger type Means of d-isposal

|Grab Dredged material may be placed into
a barge for bottom dumping or could
be placed directly onto an adjacent
Isite.

|Grab Hopper Dredged material may be disposed by

bottom dumping or could be grabbed
out of the hopper at a placement site.

Static suction Disposal is via a pipeline. The
dredged material contains a high pro-
portion of water. Dredgings could be
pumped into a barge.

[Trailer suction hopper |Disposal is usually bottom dumping
but some vessels can sidecast or have
the ability to discharge by pump.
Agitation dredging (of all kinds)
introduces material into the water
column at the dredging site.

Agitation

muddy material are given in Table 1. Generally,
the first four methods involve moving the bed sedi-
ments from one site to another while agitation
dredging involves making the bed sediments more
available for transport and redistribution and trans-
portation within the system at the site of dredging.
Grab dredgers will produce natural sediments with
a higher density which are less amenable to resus-
pension and transport while station suction and
trailer suction dredgers, by adding larger amounts
of water to the sediments, give a slurry which may
be readily transported away from the site of
placement.

METHODS FOR MUDDY DREDGED MATERIAL

The beneficial use options for muddy material
include; Direct placement onto the inter-tidal, con-
fined placement onto the intertidal, direct sub-tidal
placement, confined sub-tidal placement, place-
ment behind seawalls to build up land levels prior
to managed retreat, inter-tidal trickle charge, sub-
tidal trickle charge, water column trickle charge
and agitation dredging.

DIRECT PLACEMENT

Direct placement, either on the inter-tidal or
sub-tidal, is the placement of material from a
dredging operation onto the existing sea bed with-



out construction of retaining structures. The aim of
direct placement is to modify the morphology in
some environmentally beneficial way, for example,
extending the area of an inter-tidal habitat. The
major disadvantage of direct placement is that the
existing habitat is invariably smothered, because of
the depth of the placement and, as the placement is
unconfined, the risk of substantial losses of materi-
al and associated increases in turbidity is high
except in the lowest energy environments. Direct
placement in higher energy environments is likely
to represent a trickle charge source (see below).

Direct placement could be via a pipeline dis-
charge or through bottom dumping from a hopper.
Placement via a pipeline is likely to result in a
much weaker material, which is more readily
resuspended. Direct placement onto the inter-tidal
has been undertaken in the Blackwater as part of
the maintenance of salt marshes in the vicinity of
Maldon (a few hundred m® at a time).

CONFINED PLACEMENT

Confined placement is similar to direct place-
ment in terms of scheme objectives. However, the
risks of losses of material from the scheme are
reduced, and the ability to engineer the scheme is
enhanced because of the retaining structures that
are incorporated into the scheme. Retaining struc-
tures may be either ‘soft’ structures that are likely
10 be mobile in the longer term (for example gravel/
sand berms), or ‘permanent’ structures that are in
principle immobile (for example a piled structure).
The main disadvantages of confined placements
are the habitat loss associated with smothering and
the potential impact of introducing the retaining
structures into the system. The view is held by
some that only material of a similar size distribu-
tion to that existing at a site should be introduced.

Confined placement is likely to be via a
pipeline, although in some instances material might
be placed directly into the confined structure by
grab or backhoe. A key aspect of the design of a
confined placement is the design of the retaining
structures such that the normal rise and fall of the
tide do not threaten the integrity of the structures
before and during placement. A further issue is the
fact that the placed material will form a weak slope
during placement, but will tend to flatten after
placement is completed and de-watering commences.
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Confined intertidal placements using mainte-
nance-dredged material have been undertaken in the
Orwell estuary (approximately 20,000 m® of siit and
17,000 m’ of gravel) and on Horsea Island in the
Walton Backwaters (approximately 20,000 m’® of silt
retained by previously placed gravel). A confined
inter-tidal placement using sheet steel piling and cap-
ital dredged material has been constructed in Poole
Harbour as part of the development of Parkstone
Yacht Club (10,000 m?).

PLACEMENT BEHIND SEAWALLS TO RAISE LAND
LEVELS PRIOR TO MANAGED RETREAT

This s basically a derivative of confined place-
ment, but applied to the situation where an area of
land behind existing seawalls has been identified as
appropriate for managed retreat. The simplest
placement technique is to pump material behind
the seawall. An obvious issue is then whether static
dredging plant can be used (requiring the managed
retreat site to be close to the dredge site), or
whether a trailer suction hopper dredger with a
suitable pump-out capability can be used. This
requires relatively deep water to be available close
to the proposed site. Issues associated with run-off
of water from the placement site are of prime
importance for this type of approach.

To date no managed retreat sites in the UK
have been pre-treated in this manner before breach-
ing. The small Trimley retreat site on the Orwell is
likely to be treated in this way. The logistics are
similar to many of the silt lagoons created adjacent
to small marinas around the UK.

TrICKLE CHARGE

Trickle charge is a concept of recycling
dredged material back into the natural system using
the energy of the natural system to redistribute the
dredged material. The key difference between a
placement and trickle charge is that, at the site
where the material is released, there is no deliber-
ate intention to make a habitat change. In its sim-
plest form, trickle charge can be seen as the direct
alternative to removing material from a natural
system by disposing of it offshore.

Intertidal trickle charge is the approach where
material is placed on the inter-tidal to disperse. Sub-
tidal trickle charge is the situation where material is
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placed sub-tidally to disperse. Subtidal trickle
charge is often preferred, as it does not impact on
valuable intertidal habitats, and there are more
options for placement (via pipeline and bottom
dumping). An alternative to intertidal or sub-tidal
trickle charge is trickle charge via the water col-
umn. In this approach the objective is to discharge
material into the water column at such a rate/dilu-
tion that the moving water column is able to carry
the recharged material away from the site of intro-
duction without significant impacts on the sea bed.
Obviously the ability of the water column to carry
significant quantities of material in suspension
without impacting on the sea bed depends on the
energy within the water column (tidal currents and
turbulence).

Subtidal trickle charge is ongoing in the Stour
Estuary (approximately 100,000 m?®) and within
Harwich Harbour (400,000 m®). Water column
recharge described in the Environmental Statement
commenced in the Stour Estuary in the winter of
1999 (HR Wallingford, 1996). Intertidal trickle
charge has been undertaken in the Medway Estuary
{a few thousand m>).

AGITATION DREDGING

Agitation dredging comes in a variety of
forms. The basic aim of agitation dredging is that
material is mobilised from the dredge site by some
mechanical action (for example bed levelling) or
by some hydraulic action (for example water injec-
tion or direct discharge from a cutter suction or
hopper overflow into the water column). Following
mobilization, the natural tidal regime redistributes
the agitated material away from the dredge site.
Typically agitation dredging is economical on a
small scale, requiring relatively unsophisticated
plant. Agitation dredging is not normally licensed,
but it is under review by MAFE. Agitation dredg-
ing is an obvious source for trickle charge, but the
type of source and the associated impacts vary with
the type of agitation operation. Note that the trickle
charge source will be at the dredge site, which is
different to the more flexible approach of the trickie
charge schemes described above.

Agitation dredging is undertaken on a variety
of scales around the UK. For example at the Port
of Bristol, all dredging (in the region of 1 Mm?/vear)

is by agitation, and at one stage the Port of
Felixstowe was largely maintained by water injection
dredging techniques (approximately 1 Mm3/year).

LINKING SEDIMENT PROCESSES TO
BENEFICIAL USE

Knowledge of the sediment regime of the sys-
tem within which dredging must take place is
presently the key to identifying an acceptable solu-
tion to managing the disposal of dredged material.
In a highly turbid system large scale agitation
dredging may be acceptable and economic. In a
low energy system with naturally low suspended
sediment concentrations this would probably be
unacceptable. Trickle charge links disposal of
dredged material to the natural sediment processes.
By selecting a site for placement the impacts of the
trickle charge can be controlled. By selecting the
rates (and possibly timing) of placement, the
impacts can be further controlled.

SUITABILITY OF THE MATERIAL

The type of material dredged or the quality
{physical, engineering, chemical, physico-chemical
and biological impacts) of the sediment to be
placed must be determined and related to its suit-
ability for beneficial uses. Most of the dredged
material in UK is muddy. The physical properties
of the bed sediments are changed as a result of
dredging and their subsequent transport away from
the placement site will be determined by a number
of factors including the surrounding hydrodynamic
conditions and the dredged material properties
{e.g., density) after placement.

Other factors will also determine the suitability
of the material and feasibility of a scheme. These
include; the location of the dredging and placement
site, scheme design, practicality, timing of the
dredging, dredging method, placement method,
environmental concerns, legislation and regulatory
commitments, previous applications and measures
of success, aims and objectives of the scheme,
communication between involved parties, informa-
tion gathering, monitoring, acceptability and public
perception and finally, costs. Costs will include the
cost of transport, project design, maintenance, land
acquisition, equipment mobilization, construction



of protective breakwaters and monitoring.

The measures of success and goals warrant a
further mention as how to measure success may
need to be clarified and agreed upon at the plan-
ning stage and an appropriate monitoring plan set
up. For example, environmental goals in a benefi-
cial use scheme may be defined as achieving the
goals and objectives based on agreed-upon replace-
ment values of the lost or degraded mud flat
resource.

MONITORING

Engineering and enviromental monitoring is
necessary to collect baseline data prior to, during
and following dredging and project construction.
Monitoring is important so that the success of a
scheme can be evaluated and confidence gained in
its further application, in particular becaunse of the
relative infancy of the approach in the UK. This
will be needed to justify future projects that may
need to occur on a larger scale. Case studies can
play an important role in developing monitoring
methodology as well as gaining knowledge of
success.

Monitoring is, therefore, necessary to collect
baseline information, collect data for interpretation,
document activities and chronology of the project,
document success or fatlure and the need for mid-
course correction, justify similar projects in the
future, generally improve experience and under-
standing of the engineering, scientific, economic
and environmental factors involved and importantly,
improve understanding of sediment processes and
to gain confidence in the process and beneficial use
of fine dredged material.

CASE STUDIES

Mup FLAT CREATION

Confined placement: Marina in Poole Harbour,
South Coast of England

Placement date: Winter 1994/1995

Dug out at low tide with excavator and transported
by lorry along the breakwater and then placed
Dredged Material: Firm clay and silt

Size: 10,000 m* (area 325 m by 20 m).
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A substantial breakwater was constructed with
large rocks and rubble to protect the yacht berths
and the mud flat was constructed adjacent to this
using sheet piling to contain the mud. Construction
difficulties with the sheet piling, time restrictions
for operation and initially mud was deposited to
the wrong level (MHWS). This was reduced in
level so that the mud was intertidal.

Monitoring: bed levels, sediment density, macro-
invertebrates, birds

MubD FLAT CREATION

Confined placement: Eroding coastline at Shotley,
Stour Estuary, Suffolk, England.

Placement date: December 1997

Placed by pipeline from trailer suction hopper
dredger

Dredged Material: Silt

Size: 13,000 m* gravel, 22, 000 m® (area-430 m by
70 m).

Maintenance dredged silt was used for mud flat
and confined in a gravel bund constructed from
capital dredge material.

Monitoring: bed levels, sediment density, grain
size, shear strength, carbon (loss on ignition),
macro-invertebrates, birds, wave measurements,
suspended solids in flood waters. (HR Wallingford,
in press).

SALT MARSH REMEDIATION

Confined placement. Eroding salt marsh at Horsey
Island, Hamford Backwaters, England.

Placement dates: February 1998

Placed by pipeline from trailer suction hopper
dredger

Dredged Matenial: Silt

Size: 20,000 m? (area 27,000 m®)

Wooden brushwood fence was used to contain the
inter-tidally placed material. Vegetation was via
natural plant colonisation.

Monitoring: shear strength, bed levels, density,
vegetation. (HR Wallingford, in press).
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TRICKLE CHARGE (SUBTIDAL)

Containment of sediment within sub-tidal depres-
sions at the Horse, Stour Estuary, England.
Placement dates: May 1996

Placed by pipeline from trailer suction hopper
dredger

Dredged Material: Silt

Size: 7,800 m® (area 110 m by 45 m)

Subtidal placement of unconfined dredged material
pumped from a trailer suction dredger through a
pipeline, which was placed on the bed.

Monitoring: grain size, bulk density, bed density,
bed level, suspended solids in water column, cur-
rents, modelling of bed shear stresses. (HR
Wallingford, in press).

FUTURE WORK IN THE UK

At present, the volumes of muddy maintenance
dredged material used beneficially in the UK are
very small, and caution should be expressed over
any scheme which proposes to dramatically extend
the volumes of material used from that outlined in
the trials above. For many typical UK dredging
operations, the volumes used in the trials described
above represent a significant proportion of the
annual dredging requirements. In such cases the
concept of utilizing a large proportion of the mate-
rial arising annually from an estuarine system in a
beneficial manner cannot be discounted on the
basis of any precedent. The trials have led to the
feasibility of schemes being realised and the identi-
fication and practicalities of minimizing impacts.
The trials have improved the understanding of
methods for muddy dredged material by the parties
involved that may lead to increased opportunities
in the future. The UK Environment Agency has
recently contracted HR Wallingford to undertake a
3-year monitoring program. This includes managed
retreat sites and beneficial use of muddy material
and should enable a more comprehensive level of
monitoring to be undertaken. How beneficial
different schemes are is still open to question.
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ABSTRACT: Sediment deposition of Charles Mill Lake in Ohio has gradually reduced
the effectiveness of reservoir operation over the vears. It affects flood control and
natural resources preservation including recreation, navigation, and water quality. The
channel-bed survey of the reservoir was conducted with a global positioning system by
the U.S. Army Corps of Engineers in the summer of 1998. The original reservoir and
channel bed elevations were digitized at Ohio University. Both surveying and digitizing
results were analyzed using a geographic information system (GIS). The accumulation
of sediment deposits over the years, associated depths, and their geographic
distributions were shown by GIS images. Major deposits were found along the
mainstream of the original channel bed. Sediment sampling was conducted in summer
1998 for assessing the dredging program. The analysis of sampled sediments was done
based on grain sizes, material grading, and soil uniformity using the geographic
information system. It was found that there is a minimum percentage of gravel in the
composition of sediment deposits. There are two main apparent locations of gravel
settlement. The uniformity and gradation shown as images provide the geographical
distribution of deposits, by which a working program for selecting disposal sites was
developed in terms of prioritization. Two locations in the reservoir are selected for
dredging material disposal by forming wetlands.

Key words: wetlands restoration, GIS, beneficial use, Charles Mill Lake, OH
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RESERVOIR SEDIMENTATION

Sediment particles settle if the densities of par-
ticles are greater than that of water. The motion of
this settling process is essentially involved with
three forces, namely, the particle weight, W, the
buyancy force, Fy, and the drag force, F;. When
the particle reaches a constant velocity in the
falling process, the net force is equal to zero, i.e.,

W-F,-F, =0 (1)

Let p,, be the density of water, D be the diameter
of the falling particle, and p be the dynamic

lCorr':sp{mdi1'1g author; telephone: 740-593-1462;
fax: 740-593-0625; email: tjchang @bobcat.ent.ohion.edu

viscosity of water, then the Reynolds number, R,
can be expressed as

g, =222 @)
u
Based on the Stokes law, if the Reynolds number is
smaller than one, the drag force, FcL can be estimated
by (Streeter and Wylie, 1985)

A, el wD? 3)
Fy=(o KBS N )=3m0uD,

where U is the settling velocity. Let p_ be the den-
sity of the falling particle, then Equ. 1 can be
rewritten as

APy, A D —o (4
pwg(3)n(2) pwg(3):r(2) 3rUuD =0, 4)
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where g is the gravitational acceleration. Equ. 4
can be rearranged to result in an expression for the
settling velocity as follows:

2
y=!{P.—P, 8D

184 (5)

The settling of a sediment particle depends mainly
upon the density and diameter of the particle in a
given water body based on Equ. 5. Particles may
not be spherical, but Stokes’ law can still give a
good representation of the settling velocity. The
settling velocity of a particle increases linearly
with an increase of particle diameter. This has an
implication on the sizes of sediment settling at the
bottom of a reservoir or river. Flow turbulence may
also affect the particle deposit. If the velocity is
constant and fluctuations in the current’s turbu-
lence are small, the sediment deposits will be well
graded (Trash, 1950). Sediment particles that are
small enough to stay suspended will do so, while
the larger particles fall out. On the other hand,
large turbulence fluctoations in the current will
carry a good range of particles that the sediment
deposits will not be well graded. Therefore, sedi-
ment deposits can be predictable in a calm reservoir;
the coarser sediment particles will be deposited
near the entrance stream and finer materials will
settle near the dam. The flow velocity decreases
and results in finer material deposits as it gets closer
to the dam. The depth of the sediment would gen-
erally be the greatest near the dam (Annandale,
1987).

BACKGROUND INFORMATION

Charles Mill Lake is on the edge of the glaciated
region of Ohio. The reservoir has a shallow slope
while it resides in several valleys so that it has an
irregular shape. It is located four miles east of
Mansfield, Ohio in Richland and Ashland counties.
The inflow is mainly from the Black Fork Creek
on the north of the lake. The water from the lake
ultimately discharges to the Ohio River via the
Muskingum River. The dam holding Charles Mill
Lake was constructed in 1935 for the purpose of
flood control. The Muskingum Watershed
Conservancy District (MWCD)} owns the lake and
surrounding land and is responsible for the conser-
vation management and recreational activities. The

dam is owned and operated by the 1J.S. Army
Corps of Engineers. Reports have been made that
the sediment deposition in the lake is gradually fill-
ing the lake. Residents in the surrounding areas
and users of the lake have complained about poor
navigability. In addition, the reservoir has reduced
its effectiveness in controlling floods.

The man-made lake contains three natural
lakes, Mifflin, Bell, and Mud, which existed before
the dam was built. It also includes fourteen islands.
The average depth of the lake has decreased by
about one foot in 63 years. It means a decrease of
about 20% of the volume of the lake. The water-
shed draining into Charles Mill Lake is 217 square
miles. Table 1 lists facts about Charles Mill Lake
and its watershed.

Table 1. Facts of Charles Mil! Lake and the corresponding watershed.

ILakc Length 20,700 feet 6,300 meters
ILake Breadth I6.200 feet 1,900 meters
I()rig'inal Average Depth 5 feet 1.5 meters
[current Average Depth 4 feet 1.2 meters
Maximum Depth 34 feet 10.4 meters
[Original Volume 11,369 acre-feet 14,034,230 km?
lcurrent volume I8.129 acre-feet 10,034,678 km?
.Xﬁﬁﬁ% Area 1,339.5 acres 5.42 km?
Shoreline Length 34 miles 53.5km
|Lakc Elevation {normal pool) |997.1 feet (MSL) |304.0 meters
ILake Elevation (spill way) 1020.0 feet (MSL) |311.0 meters
Watcrshed Area 217 milg? 562 km?
SAMPLING AND ANALYSIS

Digitized topography and hydrography of the
studied area were downloaded from the
Geographic Information System Support Center,
Ohio Department of Administrative Services and
converted for use in the ArcView GIS. This data
were 1:24,000 scale Digital Line Graphs. An origi-
nal topographic map of the land, before the dam
was built, was obtained and digitized. Once the
map was digitized, the elevation point data were
interpolated to create a continuous grid and a raster
image as shown in Figure 1a. The recent topo-
graphic survey of Charles Mill Lake was obtained
from the Army Corps of Engineers. The survey
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Figure 1. Topographical maps of Charles Mill Lake, in 1998 (above)
and in 1934 (below).

was done in 1998 with cooperation with the
MWCD using a Global Positioning System (GPS)
and sounding equipment. These data points were
also interpolated to create a raster image as shown
in Figure 1 (top). The analysis of these two topo-
graphic images indicates that most of the sediment
deposits has been located in the main channel,
especially in the north section of the lake.

Based on the above result, the sampling loca-
tions were chosen to best represent the lake and
sediment deposits. Figure 2 shows the distribution
of the sampling location in the Charles Mill Lake.
The sampling was taken from each location in July
of 1998. Samples were retrieved with a gravity
corer that could collect a core two feet long and
three inches in diameter. Each sample was
described in the field book, and the location was
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taken down on the map and with a GPS. The
description included the sample number, color,
general soil classification, location, length of core,
and time taken. Each sample was bagged and
marked with identification for laboratory testing
and analysis.

Moisture content testing and mechanical sieve
analysis was conducted for each sample. The
results were input into the associated coordinates
along with the sample’s general description. The
data were further analyzed by a spline interpolation
method to obtain a spatial distribution (Mitus and
Mitasova, 1988). The particle-size distribution
curve was developed for all samples. From the
carves the Dy, D3, Dy, Dy, and Dy, values
were interpolated and used for data points at the
respective sampling locations. The D, is the par-
ticle diameter that corresponds to 10% finer on the
particle-size distribution curve. In other words,
90% of the particles are larger than the D, value.
The particle-size distribution curves were further
used to determine the percentages of four classified
matetials, namely, gravel, coarse sand, fine sand,
and silt/clay. It is noted that the total of these four
percentages should be equal to one. The size of
the soil in each class is listed in Table 2.

Table 2. Soil classification by particle sizes.

Soil Classification | Minimum Size Maximum Size
{inches) (inches)

Gravel 0.0787 -

Coarse Sand 0.0157 0.0787

Fine Sand 0.00295 0.0157

Silt/Clay 0.00000 .00295
REsuULTS

Sampling results are analyzed by the spline
method. The analysis using the spline method

imposes that the surface must exactly pass through
the sampling locations during the spatial interpola-
tion. In addition, the cumaulative sum of the squares
of the second derivative terms taken over each
location on the surface must be a minimum. The
spline method fits a mathematical function to a
specified number of points, while passing through
the sampling locations. It is assumed that the
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Figure 2. Sample point locations in Charfes Mill Lake.

sediment deposits are continuous and have only
moderate variations between sampling locations.
The method worked reasonably well to interpolate
sampled data smoothly.

The four classified sediment deposits are
assumed geographically referenced variables. The
interpolation using the spline method was conduct-
ed for each soil class resulting in a set of grid val-
ues that can be expressed as an image. Figure 3 is
an example of gravel image that shows the geo-
graphical distribution of gravel deposit in the reser-
voir. It can be seen that two locations in the main
channel have the high percentage of gravel deposit.
One of the locations is the downstream of a high-
way bridge and likely has a high velocity. It is
noted that the percentage addition of the four class-
es should is equal to one at any given location
based on the defined classification. The spline
method resulted in 5% error for only 2.6% of the
grid analyzed; only 0.4% of the grid contained
more than 10% error.

It is found that the sediment deposit in the lake
contains only a small portion of gravel, about

Figure 3. Percent gravel, based on the spline method of
interpolation.
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Figure 4. Diameter corresponding to 90% fines in the particle size
distribution.

4.4%. Since the gradient of the stream is small, the
flow is moderate and is not able to carry suspended
gravel to the reservoir. The maximum percentage
of gravel is about 50% near the bridge and in the
southwest side of the lake. The bridge constricts
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Figure 5. Diameter corresponding to 10% fines in the particle size
distribution.

the only connection from the north section to the
south section of the lake and causes the down-
stream scouring. The smaller particles are eroded,
the larger particles remain. The average Dy, for
the sediment is 0.070 inches, where the Dy, for
downstream of the bridge is 0.30 inches as seen in
Figure 4.

On the other hand, the effective size or average
D,,, for the sediment deposits is 0.0046 inches.
The sediment deposits of smallest effective size are
located near the entrance of the Black Fork Creek
(see Figure 5). This may be due to the velocity
decrease before the flow entering the lake. Once
the flow enters the lake, the water becomes calm
because of the constriction. The effective size
increases after the bridge constriction in the down-
stream end. The percent of silt and clay is the
greatest near the entrance of the Black Fork Creek,
around 20%. The percentage of silt and clay
decreases near the dam, which is an unusual phe-
nomenon against the general rule that the fine
deposit is near the dam.

The uniformity coefficient, C , was used as a
factor to further examine the composition of sam-
pled sediment deposits (Braja, 1994), It is defined
as:

2
c =P ©
D60D10

where Dy and D, are the diameters of particles
obtained form the particle-size distribution curve
for 60% and 10%, respectively.

The sediment deposit is usually gravelly if the
uniformity coefficient is greater than four; it is
sandy if the uniformity coefficient is greater than
six. The main sandy area is in the middle of the
southern section of the lake. Most of the sediment
qualifies as nonuniform since its uniformity coeffi-
cient is less than four.

The coefficient of gradation, C.. is used to
determine how varied particles of sediment
deposits are graded (Braja, 1994). It is defined as

D
c =X

“~ D, (7
where Dy, Dy, and D, are the diameters of parti-
cles obtained from the particle-size distribution
curve for 30%, 60%, and 10%, respectively. When
the coefficient of gradation is between one and
three, the sediment deposits are considered well
graded. It is found that the area upstream of the
highway bridge is not well graded, but the area
downstream of the bridge is well graded.

The thickness of sediment deposits in the lake
over the 60-year period is dependent on the chang-
ing ground elevation, as depicted in Figure 1. The
original channel in the southern section has the
greatest depth of sediment. Because of the sedi-
mentation, the bottom of the lake appears smooth
and flat, most markedly along the original main-
stemn of the river and just upstrecam and down-
stream of a highway bridge.

CONCLUSIONS

It was found that the major sediment deposits
in Charles Mill Lake are along the original main-
stem of the river. There is a minimum percentage
of gravel in the composition of sediment deposits,
and the settlement of gravel is mainly located at
two apparent areas as graphically shown in the
analyzed result, The uniformity and gradation pro-
vide the geographical distribution of sediment
deposits, by which locations for sediment disposal to
form wetlands are selected for the dredging program.
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ABSTRACT!: Current conventional methods used to retard shoreline erosion include
the installation of breakwaters, groins, and jetties. Sand replenishment is often used in
conjunction with these methods when shorelines are being extended or restored. These
techniques, though often functional, are costly and can detract from the natural
environment.

This paper describes an innovative erosion protection project at Presque Isle State Park.
This low cost, innovative demonstration project minimized erosion in the lesser energy
zone of Misery Bay in Presque Isle State Park by utilizing native plants, bioengineering,
and non-conventional erosion practices. The project, funded with a matching grant
from the Great Lakes Commission, was completed in the spring of 1999 and early
indications are that it has the potential of serving as a model for other lesser energy

zones of bays and inlets along the Great Lakes.

Key words: beneficial use, indigenous vegetation, cost-effective, Lake Erie, PA

INTRODUCTION?

Protection of recreational beaches along ocean
coasts and inland lakes, bays, and inlets, as well
as finding a beneficial use for dredged material
has become a sensitive issue to a diverse public.
It is often difficult to find a solution that makes
good engineering sense while maintaining envi-
ronmental responsibility.

Current conventional methods used to retard
shoreline erosion include the installation of break-
waters, groins, and jetties. Sand replenishment is
often used in conjunction with these methods
when shorelines are being extended or restored.
These techniques, though often functional, are

lComesponding author; telephone: 717-787-7398;

fax: 717-705-5549; email: ecomoss @state.pa.us

chpn'nted in part from Ecological Engineering, Vol. 19:3, Comoss,
Kelly and Leske, Innovative erosion control involving the beneficial
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the Lake Erie Shoreline, pages 203-210, Copyright 2002, with
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costly and can detract from the natural environment.

In the past, dredged material has been viewed
as a “necessary evil” associated with overdevelop-
ment of coastal areas. Through the years, hun-
dreds of tons of sediment have been dredged each
year for commercial and recreational purposes and
subsequently discharged into land-based disposal
facilities or into our oceans, estuaries, rivers and
lakes. As the space for disposal facilities reaches
capacity, and discharge into water bodies becomes
more of an ecological concern, the problem arises
as to what to do with this material.

The purpose of this presentation is to describe
in detail how Presque Isle State Park, located
along the shoreline of Lake Erie in Pennsylvania,
implemented an innovative erosion protection
project which also included the beneficial use of
dredged material. This low cost, innovative
demonstration project minimized erosion in the
lesser energy zone of Misery Bay in Presque Isle
State Park by utilizing native plants, bicengineering,
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dredged material, and non-conventional erosion
practices. The project, funded with a matching
grant from the Great Lakes Commission, was com-
pleted in the spring of 1999 and carly indications
are that it has the potential of serving as a model
for other lesser energy zones of similar bays and
inlets along the Great Lakes.

BACKGROUND

Presque Isle State Park is a 3,200-acre migrat-
ing sand spit that juts 7 miles into Lake Erie and is
a major recreational landmark for approximately 4
million visitors each year. The park, a National
Natural Designated Landmark, is particularly envi-
ronmentally sensitive with its constantly evolving
shoreline and the presence of numerous plants rec-
ognized as being of exceptional value.
Additionally, the Audubon Society rates Presque
Isle as one of the top birding areas in the northeast.

Protection of the spit has been an ongoing
process since 1828. Along the Lake Erie shoreline,
a series of conventional erosion control techniques
such as groins, bulkheads, scawalls, and beach
nourishment have been used with varying success.
Between 1989 and 1992, many of the previous
structures were removed and 55 offshore rubble
mound breakwaters were constructed. Since com-
pletion of the breakwater construction, shoreline
maintenance has been limited to an annual beach
nourishment program. Construction of the break-
waters has decreased sand purchased for annual
nourishment by 75 percent, from approximately
302,000 cubic yards before breakwater installation
to approximately 40,267 cubic yards after break-
walter construction.

Since 19785, the beaches along the lakeside of
the park have been annually nourished; nourish-
ment amounts vary based on fluctuating lake levels
and storm severity. The prevailing winds along the
lake are from the west, and as a result, the beach
sand is in continual motion as it moves in response
to longshore transport. While most of this transient
sand is redeposited in offshore bars in the lake,
some of the sand (generally the finer material) is
carried around the distal end of the spit into the
back bay area. Accumulation of this fine-grained
sand in the back bay area has been a continual
problem as these shallow areas become choked
with sediment. As a result, the park struggles with

the problem of dredging these areas and finding a
suitable disposal option for the dredged material.

Presque Isle was officially designated a state
park in 1921, and in 1993, a Resource
Management Plan was developed in order to pro-
tect the park’s ecosystem. Within the park’s
Resource Management Plan, much of Presque Isle
was designated as either a low density or natural
area. These areas are defined as places that exhibit
significant namral processes and resources and
where very little to no development of recreational
facilities or infrastructure is to occur.

Historically, protection of the shoreline from
erosion had been accomplished along the Presque
Isle Bay side of the park by utilizing large stones
to riprap the shoreline. Although this process was
very effective in preventing shoreline erosion and
was quite suitable in the more developed recre-
ational areas of the park, this solution did not con-
cur with the desired results and appearance speci-
fied by the Management Plan for the low density
and natural areas.

As a result of the delicate ecosystem of the
spit, specific erosion problems along the bay, and
the development of a sand bar within the park’s
back bay area, the decision was made to seek
funding to advance an innovative solution to these
problems. With this goal in mind, the Department
of Conservation and Natural Resources, Bureau of
State Parks—Presque Isle State Park, in conjunction
with the Presque Isle Partnership, secured funding
via a matching grant from the Great Lakes
Commission. The project coordinated efforts
between state and federal government units, as
well as private, non-profit volunteer organizations
to design, implement, and provide construction
services for the project. This project brought for-
ward a concept that provided the park with the pro-
tection needed for the infrastructure as well as cre-
ating a shoreline appearance that resembled natural
shorelines along environmentally sensitive areas of
the park. Additionally, the project provided a
beneficial use of dredged material from the back
bay sand bar.

In order to realize the goals of the project, the
decision was made that rather than solely utilize
conventional riprap, the project would incorporate
a combination of riprap as well as indigenous
vegetation, bioengineering, dredged material, and
innovative landscape architecture to retard



shoreline erosion along a heavily used multi-pur-
pose trail. Completion of this project has provided
valuable information to other parks and recreational
facilities in the Great Lakes area (especially along
bay inlet areas) who are also faced with the chal-
lenges of minimizing erosion and sedimentation as
well as finding a beneficial use for dredged material.

PROBLEM AREAS

There are numerous recreational features with-
in the park. One of these is a 9.6-mile multi-pur-
pose trail. This trail, designated as a National
Recreation Trail, begins at the park entrance and
completes a 13.5-mile loop throughout the park.
This is the most popular trail within the park, and
is heavily used by bicyclists, joggers, roller
bladers, and is wheelchair accessible. Because of
its popularity, protection of the trail from erosion is
paramount.

A portion of this trail lies along the southern
shoreline of the peninsula within Presque Isle Bay,
Misery Bay, Marina Lake, and Thompson Bay; this
area had been exhibiting significant erosion. Since
this area was adjacent to Presque Isle’s ecological
reservation area, the standard riprap remedy was
not appropriate because it did not match the park’s
designated management prescriptions.

Another popular tourist attraction is the Perry
Monument, dedicated to Commodore Perry. The
area surrounding the monument, located along
Misery Bay, receives widespread use for shoreline
fishing as well as the launching of recreational
boats. Although wave energy along the shoreline
of Presque Isle Bay is less active than along the
lakeshore, fluctuating water levels and currents
caused a significant sand bar to develop off the
northeast tip of Perry Monument. The sand bar
measured approximately 300 feet long by 25 feet
wide by 5 feet deep (1,600 cubic yards) and
severely restricted recreational boat usage.
Removal of the sand bar was essential to preserve
the recreational activities at the monument.

A small portion of this sand undoubtedly was
the beach sand along the Lake Erie side of the spit.
Since the finer materials are the first to erode, as
may be expected in this back bay area where wave
energy is less, this sand was of a smaller grain size
than the beach sand. (Median grain size of the
nourished beach sand was 2.0 millimeters, while

SHORELINE EROSION conTROL 1000

the grain size of the dredged material was 0.85 mil-
limeters.) The probable source for the remainder of
this sand was the erosion of the shoreline around
Misery Bay. Historical photos of this areca show
that the east shoreline of Misery Bay has eroded
several hundred feet since the late 1800’s. Suitable
disposal of this sand would be difficult because of
its susceptibility to erosion no matter where it
would be placed. Rather than follow the standard
disposal options of this dredged material, the park
wanted to find a constructive use for this sand.

There had also been some public concern
brought to park management that recent amphibian
research identified that riprapped shorelines may
be causing a decline in turtle populations through-
out the Erie area (but not specifically at Presque
Isle State Park). The park does have a significant
turtle population (9 different species, one of which,
the Blandings turtle is listed in Pennsylvania as a
species of special concern) and the shoreline along
Misery Bay has been observed as a significant
nesting area for the common snapping turtle. With
this information in mind, it was determined that an
alternative to riprap would be beneficial to the
park’s turtle population.

PROJECT DESCRIPTION

Figure 1 illustrates a cross-section of the proj-
ect area. The first phase of the project was to
remove some of the sand from Perry Monument.
After passing the mandated state tests for disposal
of dredged material, and in accordance with all
applicable permits and regulations, approximately
1,200 cubic yards of material from the sand bar
was dredged and placed in a staging area within
the park so it could naturally dewater. The remain-
ing sand was then graded to provide a suitable
launch/mooring area for canoes and shallow boats.

The next phase involved the creation of a sta-
bilized area on the backside of Misery Bay where
the multi-purpose trail is adjacent to an ecological-
ly sensitive area of the park. In this area, signifi-
cant erosion had occurred, to the point that water
was only 10 to 15 feet from the trail. Initially, the
project proposed to install 4 to 10 inch-sized riprap
(R-4) approximately 25 to 30 feet from the existing
shoreline.

However, based on design criteria for the worst
case scenario for wave height, which in this area
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Figure 1. A cross section of the Misery Bay project area.

would be two to three feet, the decision was made
to place 12 to 24 inch-sized riprap (R-6) offshore;
it was felt that R-6 riprap would better protection
for the shoreline. Placement of the R-6 riprap,
which was below the water line, created an artificial
stone shoreline that protected the multi-purpose
trail by functioning as an erosion/wave energy
dissipater.

Once the rock was in place, the third phase
began. In this phase, the park placed the dewa-
tered dredged material (sand) over the newly
placed riprap, creating a higher elevation dune line.
This subsequently provided a buffer of approxi-
mately 25 - 30 feet between the water and the trail.
Next, to enhance the “natural” appearance of the
shoreline, randomly spaced downed trees and
stumps from the park (10 to 36 inches in diameter),
minus the limbs, were used as timber groins. To
function as groins, the tree root bases were
anchored behind the riprap in the fill, and the
trunks extended out past the riprap and into the
water, also serving as sediment catch basins.

After the fill had been placed and prior to
planting, the decision was made to use geotextile
{comprised of coconut fiber cured to aid in
longevity) in conjunction with wattles (poles inter-
woven with slender branches) in order to augment
the vegetative plant rooting and further stabilize
the fine-grained dredged sand. The geotextile
woven material is biodegradable, but the plants
should be well established before it decomposes.

Within the fill material, several trenches, parai-
lel to the shoreline, were dug. First, the geotextile
was laid in the trench, and then the wattles were

placed on top — end-to-end and parallel to the
shoreline, approximately at the average high water
mark. The geotextile was then rolled back over the
wattles and staked with live saplings of dogwood,
willow, redbud, and buttonbush. The wattles and
geotextile were then further secured by placing
sand on top; the sand helped to anchor the entire
apparatus against the wind. The geotextile and wat-
tles provided extra erosion protection to the shore
zone area, as well as ensuring a stabilized area in
the fine-grained sand for plant rooting.

Prior to planting of the indigenous vegetation,
plant community goals were established to ensure
that the plants would thrive in the newly created
environment. The plant community goals were
developed by reviewing historical records of plant
community structure in that area, consulting local
and regional plant experts, and considering wildlife
uses of the site. After the goals were recognized, a
vegetative planting plan was prepared. Final prepa-
ration of the site prior to planting included the
addition of topsoil to the upper layer of sand, and
shaping of the dune line.

The final phase was the vegetative planting.
For this phase, local sources of plant material with-
in the park were identified for transplanting on the
dune. These included beach grass, Indian grass,
switchgrass, choke cherry, bayberry, and black oak.
Additionally, driftwood from local sources was
collected and was dispersed in the restored area to
provide shelter for the young seedlings and soil/lit-
ter organisms. Local sources of emergent wetland
plants were located, and these were then trans-
planted into shallow water below the wattle line.



Transplanted aquatic plants included species that
enhanced the establishment of desirable native
emergent communities. These species, such as
bur-reed, duck potato, three-square, and soft-stem
bulrush were also beneficial to waterfowl.

After the native species were established, inva-
sive species, targeted in the Presque Isle
Partnership report, were mechanically removed as
they were encountered throughout the restored
areas. Herbicides were applied as necessary to
eliminate invasive species that could not be con-
trolled by mechanical means. The final objective
was to achieve at least 50% vegetative cover in
both the shoreline and dune habitats — this goal has
been achieved.

The completion of the project, which included
the construction of an off-shore “toe slope”, timber
groins, breakwaters, and dune line, combined with
the planting of native vegetation and the beneficial
use of dredged material, has greatly reduced ero-
sion and has provided protection for the heavily
used multi-purpose trail.

Additionally, the newly created shoreline, adja-
cent to the park’s ecological reservation area, is
home to several species of turtles. The project
afforded the park an opportunity to develop a gen-
tle sloping sand plain type shoreline conducive to
turtle migration and nesting.

CONCLUSION

The dual goal of the project was to combine
the beneficial use of dredged material, indigenous
plants, and landscaping to reduce sediment loading
into Lake Erie, and to protect the recreational
aspects of Presque Isle State Park.

The completed project has resulted in several
additional acres of stabilized vegetation and has
decreased soil and subsequent nutrient runoff from
entering Lake Erie. The amount of material
removed from the Perry Monument sand bar has
facilitated recreational boat usage and shoreline
fishing in this area. In addition, turtles have nested
and they have been observed travelling along the
restored shoreline areas of the project.

The placement of deadfall trees and roots as
groin structures and sediment catch basins along
the project at Misery Bay have provided excellent
resting habitat for the numerous waterfowl] species
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that make Presque Isle their home and migratory
stopover location. Hundreds of ducks and geese
can be seen at various times of the year resting on
or neat these structures.

The native plantings of wattles and live stakes
provide for shoreline protection by way of their
roots, and also serve as food sources and habitat
for several hundred of the park’s avian species.
This also provides the visual landscape to the proj-
ect that matches the Management Plan directive to
conserve natural qualities throughout Presque Isle
State Park.

Through the years, conventional erosion pro-
tection techniques at Presque Isle State Park have
been both costly and inappropriate for natural area
management. Conversely, this economical project
with a total cost of $33,000 has provided a natural
and aesthetic alternative to conventional shoreline
erosion protection, has provided a beneficial use
for dredged material, and has provided an area for
turtle migration and egg hatching. While remain-
ing within standard bureauncratic financial con-
straints, the project affords a valuable example to
other parks and recreational facilities along the
Great Lakes faced with the challenge of minimizing
erosion while maintaining a natural appearance,
and finding a beneficial use for dredged material.
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ABSTRACT: Our group is leading a large-sale demonstration of dredged material
decontamination technologies for the New York/New Jersey Harbor. The goal of the
project is to assemble a complete system for economic transformation of contaminated
dredged material into an environmentally-benign material used in the manufacture of
a variety of beneficial use products. This requires the integration of scientific,
engineering, business, and policy issues on matters that inclnde basic knowledge of
sediment properties, contaminant distribution visualization, sediment toxicity, dredging
and dewatering techniques, decontamination technologies, and product manufacturing
technologies and marketing. A summary of the present status of the system
demonstrations including the use of both existing and new manufacturing facilities is
given here. These decontamination systems should serve as a model for use in dredged
material management plans of regions other than NY/NJ Harber, such as Long Island
Sound, where new approaches to the handling of contaminated sediments are desirable.

Key words: beneficial use, decontamination, New York/New Jersey Harbor

PROJECT DESCRIPTION

The goal of this project is to develop sediment
ICorresponding author; telephone: 212-637-3806: decontamination facilities that can be used to handle
fax: 212-637-3889; email: stern.eric@epamail epa.gov a substantial fraction (ca. 375,000 mglycar) of the



dredged material produced in the Port of New
York/ New Jersey as a result of dredging for main-
tenance of navigational channels and for environ-
mental purposes. To this end, more than 10 differ-
ent technologies for decontamination have been
carried through bench-, pilot-, and large-scale tests.
In addition, consideration has been given to the
basic science needed to understand contamination
transport, decontamination chemistry, biotoxicity,
and beneficial use. Such information is needed for
making dredging decisions, assessing environmen-
tal and human health effects, and optimizing sever-
al types of decontamination technologies.
Summaries of project work have been given in a
number of publications and reports (Jones et al.,
2000; 19992 & b; 1998a & b; 1997; Ma et al.,
1998; Stern et al., 1998a,b & ¢). Publications and
technical reports on project demonstrations can be
found on our project web site (http://www.wrdad-
con.bnl.gov).

During 2001, a project using a sediment/soil
washing technique will be implemented in cooper-
ation with BioGenesis and BASE. The work will
combine remediation of a BASF brownfield site
together with construction of a BioGenesis sedi-
ment processing facility with a throughput of
180,000 m*/year on that site. Another 2001 project
using a high-temperature process developed by the
Gas Technology Institute/Endesco will be con-
structed on a second site. It will be able to process
about 22,500 m*/year of as-dredged sediment with
moisture content of 60%.

Sediment cleaning is a multistep process
beginning with dredging the sediment, cleaning,
and ending with disposal of the clean material.
The beneficial use of the material is a key factor in
determining the success of the decontamination
process. The beneficial use products from the
facilities will be manufactured soil and cement
which can be sold to generate a revenue stream to
bring tipping fees into a range that is economically
feasible for the Port of NY/NI.

DEMONSTRATION PROJECTS

We have taken a very broad view of the need
for decontamination technologies in the NY/NJ
Harbor region. The two obvious requirements for
any technology are that they have affordable treat-
ment costs and no adverse environmental impacts.
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The technologies were selected from responses to
several requests for proposals. The work was
structured as a series of step-by-step demonstra-
tions proceeding from small-scale to large-scale.
At the end of each step, the technologies that
would move forward in the demonstration process
were selected. A list of all the technology organi-
zations participating in the demonstrations is given
in Table 1.

Table 1. Technology organizations participating in the dredged
material decontamination demonstrations,

lGas Technology Institute/Endesco

Biogenesis/Weston U. S ACE Waterways Experiment
Station
Marcor JInternational Technologies
Metcalf & Eddy NUI Envirenmental
JCHUpcycle BEM Systems
. Westinghouse Plasma
BioSafe Systems/Global Plasma Systems
SCIENCE

Pathways for contaminant accumulation and
transport include complicated physical and chemi-
cal processes that depend on sediment properties
on a grain-size scale. These processes depend on
sediment properties such as grain size, specific sur-
face area, mineral composition, and contaminant
chemistry. Information of this type is needed not
only on a macroscopic scale, but also on the grain-
size scale. This type of data is necessary for
improved modeling of transport and fate of the
contaminants and also to help in optimizing physico-
chemical approaches to sediment decontamination.
We have conducted microscale survey experiments
using high-intensity synchrotron x-ray sources at
the Brookhaven National Synchrotron Light Source
(NSLS) (http://nsisweb.nsls.bnl.gov) and the
European Synchrotron Radiation Facility (ESRF)
(http:/fwww.estf.fr). The techniques that have been
applied include x-ray fluorescence, x-ray radiogra-
phy, x-ray absorption near-edge spectroscopy
(XANES), Fourier transform infrared spectroscopy,
and absorption and fluorescent computed microto-
mography. The spatial resolutions used generally

range from about 0.0001 mm to 0.015 mm.
A computed microtomogram measured for a
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sediment sample is shown in Figure 1 as an exam-
ple of this approach. The ¢xperiment gives a three-
dimensional view of the packing of sediment parti-
cles and shows the pore space and the connectivity
of the material. Data of this nature will serve as
the foundation for a microscopic model of contam-
inant transport. Other experiments show the distri-
bution of organic and inorganic compounds on the
sediment grains. These data can be used as the
basis for designing water jets used for mechanical
cleaning of particle surfaces and for choosing the
best approaches for use of chemical removal of
contaminants by chelators and surfactants,

g

Figure 1. Computed microtomogram showing grains and pore spaces
in Newtown Creek sediments. The color scale shows the variation of
the x-ray absorption coefficients in the different particles with the
lighter areas being the most strongly absorbing. The dark spots are
indicative of pore space. The linear pixel dimension is (.0068 mm.

PHYSICO-CHEMICAL SEDIMENT PROPERTIES

The macroscopic properties, as well as the
microscopic properties, of the sediments from the
Port of NY/NI are of great importance for under-
standing contaminant transport, selection and
application of decontamination technologies, and
evaluation of beneficial use avenues. For example,
a simple measurement of the grain-size distribution
is crucial for design of protocols for applying the
BioGenesis sediment washing technology. As
shown in Figure 2, the sediments in the Port are
very fine grained and thus present a challenge for
the application of a washing technology. X-ray

diffraction is used for determination of major oxide
composition. This information is needed so that in
a cement production process compounds can be
added for optimal cement composition. Thermal
desorption measurements are helpful in giving
qualitative information on the concentrations of the
organic materials found in the sediments.
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Figure 2. Distributions of grain sizes found for typical dredged
material from NY/NJ Harbor. (Courtesy of The Port Authority of
New York & New Jersey)

TECHNOLOGY TREATMENT EFFECTIVENESS

Treatment effectiveness, as determined in the
bench-scale tests, is shown for seven different tech-
nologies in Figure 3. The three at the right are
high temperature approaches and are the most
effective in destruction of organic compounds.

The results for BioGenesis/Weston and the Gas
Technology Institute/Endesco projects are num-
bered 1 and 6, respectively. See the descriptions of
their continuing demonstrations below.

BI1OGENESIS/WESTON SEDIMENT/SOIL WASHING
DEMONSTRATION, KEARNY, NJ

The BioGenesis/Weston demonstration uses a
combination of a high-pressure water jet, surfac-
tants, and chelators to remove metals and organic
materials from contaminated sediments and soils.
It is an advantageous approach since the capital
costs are comparatively modest and the throughput
is high. The equipment is modular so that the total
processing capacity can be readily increased. A
schematic diagram of the process is shown in
Figure 4. The demonstration unit will process
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Figure 3. Treatment effectiveness for bench-scale tests of seven
different technologies.
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Figure 4. A schematic diagram of the BioGenesis Enterprises sediment
washing process.
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Figure 5. A simplified diagram of the GTI/Endesco process for
producing cement from dredged material. Modifiers are added to
adjust the composition to yield the best cement composition.
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180,000 m*year. The decontamination work will
be combined with remediation of a brownfield on
the site and capping of contaminated sediment
along the shoreline in order to produce a wildlife
refuge, ecological, education center, and nature
viewing area. This will be done as a public-private
partnership involving local, state, and federal agen-
cies, elected officials, and community groups
working with the commercial groups of
BioGenesis and the BASF Corporation. BASF is
the owner of the site and has been instrumental in
developing the concept.

GAS TECHNOLOGY INSTITUTE/ENDESCO ROTARY
KiLN DEMONSTRATION, KEARNY, NJ

The Gas Technology Institute demonstration
will be implemented at a brownfield site on the
west bank of the Hackensack River in Kearny, NJ.
A rotary kiln (1400 °C) will be used to melt a mix-
ture of sediments and modifiers to form a cement
matrix of calcium-alumino silicates. The melt is
then pulverized and mixed with additives to make
construction-grade cement. Organic compounds
are destroyed and metals are locked in the product
matrix. Exhaust gases are cleaned up to ensure no
organic compounds are emitted and to remove
volatile metals. A simplified diagram of the
process is shown in Figure 5. The construction-
grade cement produced has compressive strength
properties that exceed ASTM standards for
Portland cement. The metal concentrations are
similar to those found in commercially available
cements. The material also passes standard leach-
ing tests for metal removal.

Production of a commercial-grade product was
demonstrated in the initial bench- and pilot-scale
tests. Effective beneficial use is dependent on the
existence of a suitable market. Available data
show the demand for cement increasing by about
800,000 metric tons per year. Thus, production of
cement from sediment could help to reduce the
need for added imports to meet demand.
Marketing and distribution of the cement can be
accomplished either by direct sales to end-users
(e.g., ready-mix plants, construction companies) or
to an existing cement manufacturer. The high
value of the product will help to make this process
competitive with other dredged material
management options.
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FUTURE DIRECTIONS

It is clear that our most pressing near-term task
is to bring the two large-scale demonstrations of
GTL/Endesco and BioGenesis Enterprises to com-
pletion. One point to be considered in so doing is
to solve the problem of matching high-peak vol-
umes of dredged material generated in the dredging
process to the capacities of the decontamination
facilities. This can be done by inserting the equiv-
alent of a buffer tank at the entrance to the process-
ing treatment train. In practice, we propose to
build, as a buffer tank, a small, contained disposat
facility with a capacity of about 180,000 to
375,000 m’ to serve as the input source of the
dredged material to the BioGenesis Enterprises
treatment facility.

Work on other tasks is also planned:

* The feasibility of using additional technologies
for sediment processing needs to be investigated
at the bench- and pilot-scale levels.

*  The results of our demonstrations need to be
implemented in other regions. Extending
infant collaborations in the Great Lakes and
Puget Sound regions can do this.

*  There are several barriers to technology imple-
mentation (regulatory, contracting) that need to
be overcome. One very important barrier is
the reluctance of many agencies to let long-
term contracts for processing dredged material.
This makes raising private financing for facility
capital construction costs difficult or impossible.

It 1s important to extend the types of beneficial use

products that can be produced from sediments.

This is of importance if we are to be able to view

dredged material as representing a natural resource

for the manufacture of a variety of products.
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Engineering Issues for the Development of Wetland Cells at Poplar Island
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ABSTRACT: Poplar Island is located in Chesapeake Bay, east of Washington D.C. The
restoration of Poplar Island to the approximate 1847 footprint of 1,100 acres, using
clean dredged material was conceived by the Maryland Port Administration (MPA) in
cooperation with the U.S. Army Corps of Engineers, Baltimore District (CENAB),
Maryland Environmental Service (MES), state agencies, federal agencies and private
organizations. The restored island will be used as a placement site for dredged material
from the outer approach channels to the Port of Baltimore. With a projected site
capacity of about 40 million cubic yards, the operational life of the Poplar Island site is
estimated to be approximately 15 to 20 years. This paper addresses the key engineering
issues related to development of the wetland cells at Poplar Island, and outlines the

methodology used to solve the issues.

Key words: wetland restoration, beneficial use, Chesapeake Bay, hydraulic models,

engineering design

INTRODUCTION

Poplar Island is located in Chesapeake Bay
about 32 miles southeast of Baltimore-Washington
International Airport and 35 miles east of
Washington D.C. The Poplar Island restoration
project was recommended by Governor Schaefer’s
Task Force and involves restoration of habitat lost
through the erosion of Poplar Island. The project
involves creation of aquatic, inter-tidal wetland,
and upland habitat for fish and wildlife. This ben-
eficial use project also helps maintain more than
125 miles of federal navigation channels that pro-
vide access to the Port of Baltimore. In connection
with the restoration plan for Poplar Island, U.S.
Army Corps of Engineers, Baltimore District
(CENAB), Maryland Port Administration (MPA)
and Maryland Environmental Service (MES) are
preparing a Site Development Plan (SDP) for
managing the filling and the development of wet-
land cells. Gahagan & Bryant Associates, Inc.
(GBA) was retained by CENAB and MPA through

ICorrcsponding anthor; telephone: 410-682-5595;
fax: 410-682-2175; email: Deurso @gba-inc.com

MES for assistance in site development.

In April 1997, MPA entered into a Project
Cooperation Agreement (PCA) with CENAB to
construct the Poplar Island Restoration Project
under the provisions of Section 204 of the Water
Resources Development Act (WRDA) of 1992.
Due to funding and schedule limitations, the proj-
ect was divided into two phases: (i) Phase I - 638
acres, and (ii) Phase II - 504 acres (see Figure 1).
CENAB awarded the Phase I contract to Kiewit
Construction Company, in January 1998, for a
total price of $45.4 million. Phase I construction
was completed in March 2000. The Phase II con-
tact was awarded to Tidewater Construction
Company, in April 2000, for a total price of $37.6
million. Phase I is currently under construction,
and development of the Phase I wetland cells is
currently being planned and implemented.

PHASE I CONSTRUCTION

Water depths in the project area vary from 0.6
to 4 m (~2 to 12 ft) below project datom, Mean
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Figure 1. Layout of the Poplar Island Restoration Project.

Lower Low Water (MLLW). The mean tidal range
at the site is approximately 0.4 m (~1.2 ft), and the
mean high spring water level is 0.7 m (~2.5 ft)
above MLLW. During a 100-year storm, the water
levels could rise as much as 2 m (~7 ft) above
MLLW (GBA and M&N, 1996).

Phase I construction consisted of a contain-
ment dike system (25,000 ft of perimeter dikes and
13,000 ft of interior dikes), including exterior stone
toe dike, sand core, slope underlayer and slope
armor stone. The sand core material was excavat-
ed from subaqueous borrow pit areas on site. The
various stone products were mined in a quarry in
West Virginia, railed to Baltimore and then barged
to the project site. Phase I dike construction
included abont 50,000 tons of stone and 3.5 mil-
lion cubic yards (mcy) of sand.

ENGINEERING ISSUES

There are several engineering issues with
regard to the successful development of wetland
cells at Poplar Island: (a) How much dredged
material will be placed in each cell to obtain the

final desired wetland elevation? (b) What is the
rate and final completion of dredged material
consolidation? (¢) How will mulitiple dredging
projects (with variable consolidation characteris-
tics) affect the consolidation process? (d) What
will be the specific inflow sequence for material
placement at the site? (e) How will the material be
dewatered and managed to meet the final wetland
objectives? (f) How many breaches will be
required and what are the dimensions? (g) What
will be the internal channel layout and geometry
for flushing the wetland cells? (h) When is the
right time to plant and or seed the cells? (i) What is
the criterion and how will vegetation success be
monitored? and (j) What are the construction and
cost considerations? In order to address these
issues, the “development cell” concept was intro-
duced to “test” the engineering design variables
prior to full-scale site development.

THE “DEVELOPMENT CELL” CONCEPT

In order to study the various factors that could
potentially influence the successful development of



wetland cells at Poplar Island, it was decided to
construct a 33-acre wetland “development cell”
{see Figure 1). A cross dike (Cell 3D cross dike) is
being constructed across wetland cell 3 to aid in
formation of the development cell 3D. Spillways
will be used to convey ponded water pumped into
the cell during placement operations. It is envi-
sioned that approximately 0.25 mcy of dredged
material will be placed in Cell 3D to construct the
wetland. There will be a 2-month hiatus after
placement of the first 0.15 mcy of material, to
accelerate consolidation. Following the 2-month
hiatus, the remaining 0.10 mcy of material will be
placed in the cell. Once the material is 90% con-
solidated, indicating the achievement of a stable
surficial condition, interior channels will be
constructed.

There will be three primary marsh zones in
Cell 3D with specific MLLW reference elevations:
(i) The mudflat {elevation 0.0 to +0.3); (ii) The low
marsh (elevation +0.3 to +1.8); and (iii) The high
marsh (elevation +1.8 to +2.2). Tidal channels in
cell 3D will consist of primary channels (35-50 ft
wide and 3 ft deep), and several secondary
(branch) channels (15-25 ft wide and 3 ft deep) for
providing circulation. In addition, cell 3D has a
bird habitat island with a surrounding 50 ft wide
and 35 ft deep moat channel. Once the dredged
material has consolidated and stabilized, the east-
ern dike of the development cell will be breached
to form a 100 ft wide opening to facilitate tidal
flushing.

FIELD DATA COLLECTION

A three phased field data collection program is
being planned for Poplar Island wetland develop-
ment: (i) Reference Marsh Sampling — this
involves detailed sampling of several reference
marshes in the area to define the elevation ranges
of the varions marsh zones (mudflats, low and high
marsh), (ii) Hydraulics Sampling — this involves
sampling of natural channel geometry and velocity
distribution, in connection with wind and tidal
measurements at select locations, (iii)
Development Cell (3D) Sampling — this refers to
detailed measurement of the geotechnical,
hydraulic, and biologic (vegetation) performance
of the development cell using periodic cell surveys,
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geotechnical sampling, channel velocity measure-
ments, tidal elevation monitoring, and vegetation
monitoring. Note that final details on the field data
collection plan are being reviewed and no decision
has been as to the actual plan to be implemented
on site.

MODELING OF SEDIMENT CONSOLIDATION

During the process of dredging materials from
the navigation channels, the in-siru density (hence
void ratio) of the material is altered, resulting in an
overall increase in void ratio. As the material is
placed at the site (typically using a hydraulic
unloader), the addition of water causes the material
to expand or “bulk” even further. Following place-
ment, the height of the dredged material is reduced
by four mechanisms: (a) sedimentation, (b) pri-
mary consolidation, (c) secondary compression,
and {(d) desiccation. Of these, the sedimentation
process is usually complete within a few days after
initial material placement and so it is not critical to
the long-term material elevation prediction.
Settlement due to secondary compression is often
quite small when compared to the primary settle-
ment and it is often neglected. Primary settlement
and desiccation are therefore the key factors to be
determined. Given the minimal tidal amplitude at
the Poplar Island site, the vegetation is expected to
have a very narrow range of tolerance to changes
in elevations. Therefore, it is critical to accurately
predict, plan, design and monitor for the proper
wetland material elevations.

It was decided to use the U.S. Army Corps of
Engineers’ Waterways Experiment Station (WES)
computer model, PSDDF (Primary consolidation,
Secondary compression and Desiccation of
Dredged Fill) to predict the “bulking” and “shrink-
age” characteristics of the dredged material placed
within Poplar Island cells. PSDDF simulates the
primary consolidation, secondary compression and
desiccation processes in fine-grained soils using
the finite strain theory of consolidation and an
empirical desiccation model. Over 70 model runs
were performed for the Poplar Island cells. At each
run location, monthly inflow thickness of dredged
material fill was computed for model input using
the expected volume of material to be placed at
each cell. The modeling plan was selected to
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inchide simulations for a range of placement rates
and lift thickness for the various cells (ranging
from 3 ft 1o as much as 27 ft).

Model results indicate that settlements for the
3 ft lift varied from 0.6 to 1 ft for the various cells
(based on area and rate of fill). It took approxi-
mately 1.5 years for the 3 ft lift to fully consolidate
and stabilize (GBA, 1999). For the 6 ft lift, the
settlements varied from 2 to 2.5 ft for various cells.
The time to stabilize for the 6 ft lift was nearly 3.5
years. For larger lift thickness, the settlement and
the time to stabilize increased to approximately
50% of the lift thickness and more than 4 years.
The model will be refined during and after filling,
using actual observations collected as part of the
field-monitoring program.

MopeELNG OF CELL ELEVATIONS

Using the results from the PSDDF model, a
Digital Terrain Model (DTM) was developed for
Poplar Island wetland cells. The DTM for Poplar
Island represents a spatial view of material eleva-
tions at the site at various time periods subsequent
to placement. The DTM was generated using esti-
mated material consolidation at known grid points.
The DTM is an ideal tool to plan inflow locations
to obtain specific final material contours a various
Iocations within the cells. The methodology for
developing the digital terrain model consisted of
the following steps: (i} Review of PSDDF Model
Results; (i) Establishment of the decant surface for
the first iteration; (iii) Establishment of the consoli-
dated cell surface at six months, one year, two
years and four years after decant (time=0); and (iv)
Multiple iterations to hit target elevations for the
various marsh zones. The results of the DTM
model were then used to layout the tidal channels
for flushing.

DESIGN OF MARSH CHANNELS

This process consisted of the following steps:
(i) Determine biological bench mark elevations for
the marsh zones, (ii) Review reference marshes
with similar amplitudes to determine the channel
density to inter-tidal marsh plain area. Determine
the width of the marsh plain that can be effectively
flushed using empirical relationships; (iii) Estimate

the volume of water that has to be freely exchanged
during a tidal cycle to produce an unrestricted
channel geometry, especially at the breach openings.
Develop conceptual layout of the channels; (iv)
Evaluate channel layout and flushing using appro-
priate numerical models. Refine channel geome-
tries, alignments and control structures, as needed;
and (v) Design and construct the test cell using the
recommended channel layout scheme and monitor
real-time results. Collect data from the develop-
ment ceil 3D (such as flow, velocity, tidal ampli-
tude, sediment deposition and consolidation data)
for further refinement of the model.

HYDRAULIC MODELING OF DEVELOPMENT
CELL 3D

The Surface Water Modeling System (SMS)
available from Brigham Young University (BYU)
was used to simulate the site hydraulics at Poplar
Island. SMS is an update of the U.S. Army Corps
of Engineers computer program TABS, which con-
sists of submodels for simulating the 2-D hydrody-
namics, transport and sedimentation problems in
rivers, bays and estuaries. Basically, SMS consists
of two submodels - (a) the RMA-2, the hydrody-
namics model, and (b) the SED-2D, the sediment
transport model. RMA-2 uses a finite element grid
to generate flow velocities (magnimde and direc-
tion) in the model domain. It is a two-dimensional
depth averaged finite element hydrodynamic model
that computes the water surface elevations and
velocity vectors for subcritical, free-surface flow in
two dimensions. RMA-2 computes a finite ele-
ment solution of the Navier-Stokes equations for
turbulent flows. Friction is computed using
Manning’s or Chezy equation and turbulence is
defined by eddy viscosity coefficients. The program
can simulate both steady and unsteady conditions.

Model runs were completed for these condi-
tions in the development cell: (i) Tidal forcing
only; (ii) Tidal forcing combined with an upland
flow of 1 cfs, (iii) Tidal forcing combined with an
upland flow of 5 cfs, (iv) Tidal forcing combined
with an upland flow of 10 cfs, (v) Tidal forcing
combined with an upland flow of 20 cfs, (vi) Tidal
forcing combined with an upland flow of 40 cfs,
(vii) Tidal forcing combined with an upland flow
of 80 cfs, and (viii) Tidal forcing combined with an



upland flow of 160 cfs. Model results for the tide
only case indicated that the marsh was getting wet
and dry in direct correlation to the tidal cycle
(GBA, 2000). No chronic erosion areas were visi-
ble. The one aspect to note is the low velocities
along the breach and the channels suggest that the
marsh system may not provide adequate natural
flushing for sedimentation that occurs in the cell.
This effect will be evaluated during the sediment
transport-modeling phase.

For model runs with upland flow from spill-
way discharge activities, it was assumed that the
flow would be constant over the time period being
modeled. The results indicated that as the upland
flow increases, the area that is prone to potential
erosion increases. It follows that some upland dis-
charge controls (with a maximum stipulated dis-
charge velocity) along with lining (riprap) of the
pond area fronting the discharge may need to be
implemented. A comparison of water balance in
the cell indicated that the tidal flow was not over-
whelmed by the upland discharge until flows
exceeded about 40 to 80 cfs. The model will be
revised once field observations are available from
post-construction monitoring.

VEGETATION MANAGEMENT ANALYSIS

Key elements of the vegetation management
study are summarized. (i) On-site nursery: The
performance of the on-site nursery areas construct-
ed in Phase I was evaluated through a site visit and
it was found that an off-site nursery location is
preferable. Potential concerns included erosion,
hervbivory, inadequate planting grades, disease
and/or vandalism. (ii} Off-site nursery: Essentially,
a commercial nursery is set up to produce the max-
imum amount of plant material in the smallest area
possible. In addition, installation labor would be
saved if the materials were propagated in “field
friendly” type of stock (for example, eliminating
digging and separating the Spartina alterniflora
and S. patens rhizome mat by initially propagating
in easily replantable peat pots). It was recom-
mended that nursery-grown material (containerized
especially), is the best method, should planting be
employed. Seeding Spartina alterniflora is also an
economical way to proceed. (iii) Reference
Marshes: A series of reference marshes were used
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for developing biological benchmarks for the site.
The reference sites were chosen based on the con-
dition that such sites should be as close both in dis-
tance and physical parameters as possible to the
site. (iv) Future plans: These include development
of a timeline for planting vegetation in the devel-
opment cell, vegetation monitoring in cell 3D,
development of a methodology for vegetation
establishment and monitoring for the remaining
wetland cells.

SUMMARY

Key engineering aspects affecting the develop-
ment of wetland cells for the Poplar Island
Restoration Project were listed in this paper.
Methodologies that are planned for addressing
these issues were also listed. The planning, design
and implementation strategies for Poplar Island
may serve as useful guidelines for future marsh
projects.
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A Review of the Risk Assessment Methods used to Establish Permitting
Criteria for Open Ocean Disposal of Dredged NY/NJ Harbor Sediments
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ABSTRACT: For sediments in the New York/New Jersey Harbor, the U.S. Army Corps
of Engineers (USACE) employs a framework of sediment quality evaluation to
determine whether contaminated sediments are suitable for open ocean disposal (i.¢., do
not pose a health risk) or whether more extensive and costly disposal methods are
required. The degree to which chemicals can bioaccumulate from sediments into
benthic invertebrates is a key determinant in the permitting decision. The maximally
“acceptable” levels of bioaccumulation (bioaccumulation criteria) have been developed
over a period of several years, using a variety of different methods. We reviewed the
technical bases of these criteria and found that, while some values can be considered
“risk-based”, others are based on historical background concentrations, U.S. Food and
Drug Administration action levels, limits of detection, and other non-“‘risk-based”
methodologies. Hence, the degree of health protection in the criteria varies considerably
amongst the chemicals. Also, consistent application of the “risk-based”” methods to all
chemicals yields very different bioaccumulation criteria for some constituents. We
reviewed the decisions of 15 permit applications and found that the use of “risk-based”
values for all chemicals would have yielded very different disposal decisions. These
findings illustrate the need for a consistent, valid, and risk-based approach for
contaminated sediment management decisions.

Key words: sediment, bioaccumulation, open ocean disposal, risk assessment,
New York/New Jersey Harbor

INTRODUCTION

Approximately 4 million cubic yards of sedi-
ment are dredged annually from the Port of New
York and New Jersey (Port) in order to maintain
navigable channels. For years, the dredged sedi-
ments were placed in an offshore area now
referred to as the Historic Area Remediation Site
(HARS) (40 CFR Sections 228.15(d)(6)).
Currently, only dredged material deemed to be
relatively “uncontaminated” (designated as

1C(:u‘resp()ndi.ng author; telephone: 707-535-0492;
fax: 707-535-0489; email: bfinley @exponent.com

“Category I”” sediments) can be placed at the
HARS. Dredged materials that do not meet
Category I criteria must be handled using other
methods such as placement in confined disposal
facilities; sediment decontamination, reduction,
and/or minimization; and beneficial uses such as
habitat creation or restoration.

In order to assess disposal options for the
dredged sediments, the New York District of the
Corps and the U.S. Environmental Protection
Agency (USEPA) Region 2 have employed region-
al and national guidance that mandate tiered test-
ing of dredged material (USEPA and USACE,
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1991; USACE and USEPA, 1992; USEPA and
USACE, 1998). Because sediments throughout the
Port typically contain elevated levels of a number
of potentially bioaccumulative and toxic chemicals,
a bioaccumulation test s almost always required as
part of the permit application. The New York
District of the Corps and USEPA Region 2 specify
that the burrowing polychaete Nereis virens and the
deposit-feeding mollusk Macoma sp. be used for
bioaccumulation testing (USACE and USEPA,
1992). The results of the bioaccumulation tests
are almost always cited in the permit decisions as
the critical factor in determining the disposal
option for the dredged sediments.

The maximally “acceptable” levels of chemical
bicaccumulation (bicaccumulation criteria) used to
evaluate the results of these assays, and therefore
the ultimate fate of the sediments, have been devel-
oped over several years with a variety of disparate
methods. The purpose of this analysis was to
assess the degree of consistency in the methods
used to derive the criteria, and to determine
whether a single, refined approach might yield sig-
nificantly different values. We also reviewed 15
permitting decisions over the last 10 years and
determined whether significantly different disposal
decisions would have been reached using a single
set of consistently derived criteria.

REVIEW OF BIOACCUMULATION CRITERIA

USFDA AcTION LEVELS

U.S. Food and Drug Administration (USFDA)
Action Levels have been used as bioaccumulation
criteria for aldrin, dieldrin, chlordane, heptachlor,
heptachlor epoxide, total polychlorinated biphenyls
(PCBs), and mercury. The USFDA employs
Action Levels to remove food products from the
market. These values, which are based on human
health and economic considerations, are typically
much higher than chemical concentrations derived
strictly from health-based concerns. In addition,
humans do not typically consume the organisms
used in the bioaccumulation tests. Furthermore,
the Action Levels do not account for the ecological
effects of contaminants on benthic organisms or
their predators. Therefore, the relevance and
degree of protection offered by the Action Levels

is unclear. As shown in Table 1, Action Levels are
still the only bioaccumulation criteria available for
chlordane, heptachlor, and heptachlor epoxide.

REGIONAL MATRIX LEVELS

Tissue concentrations referred to as “regional
matrix levels” were established in 1981 for cadmi-
um, mercury, total DDT, and total PCBs. The
matrix levels for cadmium and mercury were the
mean chemical body burden in certain invertebrate
species in the New York Bight Apex, as measured
in lobster, quahog, clams, and rock crab in studies
published from 1972 to 1980 (USACE, 1981).
Since these particular invertebrates are not the test
species used in the bioaccumulation tests, and
because the “background” data are up to 30 years
old, the relevance and degree of health protection
offered by these regional matrix criteria is unclear.
As shown in Table 1, the regional matrix value is
still the only bioaccumulation criterion for total
DDT.

To derive the regional matrix level for total
DDT, DDT body burdens in benthic invertebrates
were estimated using measured water column con-
centrations and a bioconcentration factor (BCF) for
fish tissues. The total DDT water column concen-
tration was based on two sea-surface data points of
DDT metabolites collected in the 1970s and the
BCF was estimated based on a review of literature
available at that time (USACE, 1981). There are
several apparent shortcomings associated with this
criterion: 1} similar to the cadmium and mercury
criteria, it is based solely on “background” meas-
urements, 2) it is based on data and assumptions
that are close to 30 years old, 3) it is derived from
only 2 data points, and 4) it presumes that bioaccu-
mulation from water to fish tissues is equivalent to
biocaccumulation into benthic invertebrates.
Similarly, regional matrix values for total PCBs in
benthic invertebrates were based on chemical lev-
els measured in the water column in the late 1970s
and fish and macro-invertebrate BCFs available at
the time. Hence, the total PCB criterion suffers
from the same shortcomings identified above.

REGIONAL DIoxIN VALUES

The regional matrix TCDD criterion of 1 ppt is
based on an instrumental limit of detection {USACE



and USEPA, 1992). The 4.5 ppt total toxic equiva-
lence (TEQ) criterion for the sum of all the non-
TCDD 2,3,7,8-substituted dibenzofurans is also
based on limits of detection, and was derived by
multiplying half of the limits of detection for each
congener by their respective toxic equivalency fac-
tors (TEFs) and summing the products (USEPA
and USACE, 1998). These instrument-driven cri-
teria are clearly not health-based, and the degree of
health protection offered by these values is unclear.

RisK-BASED CRITERIA

Two types of “risk-based criteria” were derived
for some chemicals in 1997 (Table 1). These criteria
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are based on background tissue concentrations
and/or estimated ecological and human health
effect levels. For the latter category (effects-based
criteria) the chronic water quality criteria (WQC)
were multiplied by empirically determined BCFs to
derive criteria protective of ecological effects
(USEPA and USACE, 1998). However, the BCFs
that the Corps and USEPA Region 2 used for
aldrin, dieldrin, chlordane, endosulfan, and 1,4-
dichlorobenzene are based on fish rather than the
benthic organisms used in the bioaccumulation
tests, For total polycyclic aromatic hydrocarbons
(PAH), the Critical Body Residue (CBR) approach
was used to calculate a bioaccumulation criterion
based on ecological effects. However, as with the

Table 1. Bicaccumulation criteria values used to evaluate dredged material disposal option.

FDA Action | Regional Risk-Based Bi ulation Criteria
Level Mamrix* Back d- Background - Huxnan Health-
Macoma Nereis Ecological  Effects |Human Health-Cancer| Noocancer
{pg/ke) a1 ‘4 4 3775000
10 3750 T 43605000
[} 20080 © []
242 3000 2000 1
) 20080 * [}
[} 100000 0 [
[} 200000 * L}
[} 2000 0 [}
438 b B 5805000
74 ¥ 1 5805000
L 20008 ° []
327 ’ 1 43605000
513 7 T 4387000
[Total PAHS 4327 40000 2060 !
Pesticides [ Aldrin (ghg) 300 0.9 299 33 167
[Dicidrin 30¢ 437 65 518
e-Chiordane 300
{Heptachior 300
Heptachl idk 300
fTotal Chiordanc/H 64 (37.6) 114 135
[Total Endosulfs 2.35 < 87000
[Total DDT ] 40 2406 1584 2692
jFotal PCBs Gghg) 2000 100, 400* 106.6 TET98 269 108
) 4-Dichlorobenzens 11R20 60000
Metals [Arsenic {me/kg) 126 f 7
ICadmium 03 121 233 a 43
(based on Cr VI) 128 118 a 73 {14.5)
aum ¢based on Cr ) ‘! 1 22000
[Copper -- 558 946 (1.97) T 540
I ead 141 11.8 (1134) i 13
ey 1 02 0.04 T N [X]
Emkni LI 3t T 290
i 14(0.04) ! 73
[Zinc 115 1517 (1474.84) 7 4400
hoxins [2,3,7,8-TCDD (ag/kp) 1 173 235 35 !
| [TEQs (non 2.3.7.8-TCDDY 4.5 213

- Values in plain text indicate criteria values provided in USEPA and ACE (1998).
- Bolded values are calculated using USEPA and USACE (1998) approach for chemicais that USEPA and USACE (1998) did not derive criteria.
- Values in parentheses indicate different criteria calculated using USEPA and ACE (1998) approach with current water quality criterion or human

toxic potency values.

®Regional dioxin level for dioxins.
bRegional matrix values for total PCBs are 100 (clam) and 400 {(worm).
“Dioxin TEFs taken from USEPA (1989).

dWaler quality criterion or human toxic potency values currently unavailable.

“Value derived using USEPA (1993) PAH relative potency factors.
Inorganic arsenic value in IRIS database not applicable.
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chlorinated compounds mentioned above, a CBR
for fish was used for total PAHs.

Bioaccumulation criteria for the protection of
human health were based on estimates of
fish/shellfish consumption using the USEPA
default exposure methodology. Conservative expo-
sure factors (70 kg body weight, 6.5 g/day con-
sumption rate, and 70-year lifetime) were used in
the calculation. Trophic transfer factors and a whole
body/fillet ratio of 1.35 were applied to convert the
“acceptable” fish and shellfish tissue levels to ben-
thic invertebrate tissue concentrations {USEPA and
USACE, 1998). A human health risk level of 10
(for carcinogenic risk) and a hazard quotient of 1
(for noncarcinogenic effects) were used as accept-
able risk benchmarks. As with the ecological crite-
ria, there is still a significant degree of uncertainty
inherent in many of the values, because 1) the
defanlt whole body/fillet ratio of 1.35 is unlikely to
be accurate for all chemicals in all edible species,
and 2) the exposure estimates assume that an indi-
vidual’s lifetime diet of fish is derived only from
fish that prey on benthic organisms at the HARS.

DEVELOPMENT OF CONSISTENT RISK-BASED
B1oACCTMULATION CRITERIA

We used the USACE and USEPA 1998
methodology to update and/or derive “risk-based”
effects-level ecological and human health bioaccu-
mulation criteria for all chemicals listed in Table 1,
using the most current EPA water quality and toxi-
city criteria. Risk-based ecological criteria were
derived for three chemicals that previously did not
have such values: total DDT (using the WQC for
4.4’-DDT), total PCBs (using the WQC for
Aroclors), and cadmium. As shown in Table 1
(bolded values under “Risk-based Bioaccumulation
Criteria / ecological effects” heading), the new val-
ues for cadmium and total PCBs were higher than
the most stringent of the non risk-based values
employed by USACE; for total DDT, the new risk-
based value (24.09 ppb) was scmewhat lower than
the “Regional Matrix Value™ of 40 ppb. For total
Chlordane and Heptachlor, copper, lead, silver, and
zinc, updated ecological values differ from the pre-
vious values due to updated WQC and/or BCF
data. As shown in Table 1, (the numbers in paren-
theses are the updated values; chemicals with no

parenthetical values did not have updated WQC or

BCFs.
In this analysis, human cancer-based bioaccu-

mulation criteria are derived de novo for 9 chemi-
cals: benz(a)anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, chrysene,
dibenz(a,h)anthracene, indeno(1,2,3,-cd)pyrene,
total DDT (using the cancer potency factor for

4 4’-DDT), total PCBs (using the cancer potency
factor for Aroclor 1254), and 2,3,7,8-TCDD (can-
cer potency factor of 156,000 (mg/kg-day)-1). The
derivation for the six PAH compounds employed
the benzo(a)pyrene cancer potency factor and
USEPA’s (1993) relative potency factors. The deri-
vation of human non-cancer bicaccumulation crite-
ria is based on the same exposure scenario, but ref-
erence doses and an acceptable hazard index of 1.0
are used. In this analysis, five new human non-
cancer bicaccumulation criteria were derived, and
one updated value was derived for chromium. The
updated criterion for chromium is based on the ref-
erence dose of chromium (IT) since it is the domi-
nant chromium species in sediment.

As shown in Table 1, the 2,3,7,8-TCDD human
cancer “risk-based” criterion of 3.5 ppt is over 3-
fold higher than the 1 ppt limit of detection value
that has been employed by USACE. For chromi-
um, the updated human non-cancer criterion
increased from 73 ppm to 22,000 ppm.

RE-EVALUATION OF DREDGING PERMITS USING
NEW AND UPDATED BIOACCUMULATION CRITERIA

A sample of 15 dredging permits from the past
10 years were evaluated to determine whether per-
mitting decisions might have had different out-
comes if risk-based values for all chemicals had
been used. In one permit involving dredging of
90,000-yds?® of sediment, bicaccumulation testing
resulted in Category 1 status would have failed
under the “risk-based” ecological screening values
derived herein for copper and silver. Four permits
{717,000-yds? total) were classified as unsuitable
for Category 1 disposal with 2,3,7,8-TCDD cited as
the sole reason, or in combination with total DDT.
However, none of these sediments exceeded the
human health risk-based criteria for 2,3,7,8-TCDD
calculated in this analysis. These permits, instead,
exceed the risk-based screening values for other



chemicals such as total DDT, copper, silver, and
PCBs. Two permits (150,000+ yds®) were assigned
as having sediments ineligible for Category I dis-
posal with 2,3,7,8-TCDD cited as the sole cause
for rejection. However neither 2,3,7,8-TCDD nor
any other chemical exceeded the risk-based criteria
calculated in this analysis. Hence, these sediments
would likely have been granted Category I status if
risk-based criteria had been used for all chemicals.

CONCLUSION

The bioaccumulation criteria employed by
USACE and USEPA Region 2 vary significantly in
the relevance of their technical basis and degree of
health protection. The USEPA/USACE “risk-
based” bioaccumulation criteria appear to be the
most relevant but they have been derived for only
some chemicals. Many of the permitting decisions
of the last ten years would have been significantly
different if consistently derived, risk-based bioac-
cumulation criteria had been employed.
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ABSTRACT: The current system of dredged material assessment/management at port
facilities located at Porto Marghera in Venice, Italy is based on numerical sediment
quality criteria. Dredged material is classified into one of three categories {A, B, or C)
depending upon the concentrations of heavy metals, total PAHSs, total PCBs and
organochlorines. It is anticipated that future assessments of dredged material in Haly
will likely use the Venetian numeric-based approach. To assess the potential
implications of shifting from the current numeric-based approach to effecis-based
testing on dredged material management activities, a comparative evaluation was
conducted between the Venetian numerical-based approach and the U.S. effects-based
approach. Sediments representing each of the three dredged material management
categories were collected from navigation channels within the Port of Venice. Sediment
from an aquatic disposal site located in the Lagoon was collected as reference material.
Sediments were analyzed for bulk sediment chemistry and evaluated using Tier II1
testing procedures described in the U.S. Testing Manual. Resuits of Tier L1 sediment
toxicity and bicaccumulation testing were compared to the Venetian numeric-based
approach. The degree of concordance between the numeric classification and the
observed effects in each category of dredged material was difficult to ascertain because
of the confounding influence of environmental factors, most notably ammonia. The
resulting inconsistencies in the test results illustrate the caution that must be taken
when relying solely on chemistry and test results for management decision-making.
Further testing and evaluation is needed to fully understand the potential implications
of an effects-based approach on future dredging and dredged material management in
the Venice Lagoon.

Key words: sediment quality guidelines, Venice, effects-based testing, risk assessment

INTRODUCTION
Porto Marghera is located 4 km northwest of
!Corresponding author; telephone: 510-420-2556; the historic city of Venice, Italy and adjacent to the
fax: 510-655-9517; email: rjwenning @environcorp.com City of Mestre (Figure 1). The Port of Venice
located at Porto Marghera is the largest commercial

XCarrent address: ENVIRON International Corp., Marketplace L. . .
Tower, 6001 Shellmound St., Suite 700, Emeryville, CA 04608 shipping port in Italy and one of the largest ports in

the Mediterranean Sea. Autorita Portuale di Venezia



(referred hereafter as the Venice Port Authority) is
responsible for maintaining the main navigation
channel, Canale Malamocco Marghera, and other
port navigation channels, to 12 m depths. The
channels are dredged periodically and the material
managed according to a three-tier numerical sedi-
ment classification scheme developed by the
Ministry of the Environment (Ministero

dell’ Ambiente, 1993). Sediment is classified as
either Class A, B, or C material based on the level
of heavy metals, PAHs and organochlorine contam-
nation. Class ‘A’ sediment is used for restoring
lagoon salt marsh (barene); class ‘B’ sediment is
managed in aquatic environments subject to certain
management restrictions; and, class ‘C’ sediment is
disposed in a confined disposal facility located at
Isola delle Tresse, adjacent to the main navigation
channel. Dredged material that exceeds class ‘C’
limits is removed from the Lagoon and handled at
an upland disposal facility.

Figure 1. Location of Porto Marghera in the Venice Lagoon,

Sediment and biota monitoring studies con-
ducted over the past five years indicate that the
Venice Lagoon ecosystem has been adversely
affected by eutrophication and chemical pollution,
due predominantly to point and nonpoint dicharges
originating within the industrial district at Porto
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Marghera (DiDomenico et al., 1997; Fattore et al.,
1997; Marcomini et al., 1997; Wenning et al.,
2000a). The results of an ecological risk assessment
(ERA) by Wenning er al. (2000a) indicated that
PCDD/F levels in Lagoon sediments were compa-
rable to the levels found in undeveloped coastal
environments. The results also indicated a limited
potential for adverse effects on aquatic wildlife;
however, contamination in the Lagoon was not
homogenous. A “hot spot” was identified at Porto
Marghera, where PCDD/F levels in sediment at a
few locations approached the levels found in ports
located elsewhere in Europe and in the United
States.

The President of the Italian Council of
Ministers has designated the Venice Port Authority
and the Venetian Water Authority (Magistrato alle
Acque di Venezia) as the institutions responsible
for characterization and remediation of the sedi-
ment in navigation channels at Porto Marghera
(Regione Veneto, 1999). In response to this
requirement, the Venice Port Authority and
Venetian Water Authority have initiated a series of
sediment assessments, biological studies and engi-
neering reviews to understand current environmen-
tal conditions and formulate an action plan to meet
the Council’s goals (APV, 1999; Della Sala et al.,
2000). As part of these efforts, a more comprehen-
sive ERA than the previous screening-level assess-
ment, which included food web modeling and sedi-
ment toxicity testing, was performed to evaluate
the possible effects of different sediment manage-
ment options on aquatic life in the Lagoon
(Wenning et al., 2000b).

The primary purpose of the sediment toxicity
testing conducted as part of the comprehensive
ERA was to evaluate the potential implications on
future dredging and dredged material management
activities in Venice Lagoon. This was done by
comparing the current Venetian numerical-based
approach with the effects-based approach devel-
oped for the regulatory evaluation of dredged
material in the U.S. Selected sediments from navi-
gation channels within Venice Lagoon were col-
lected to be representative of the three dredged
material management categories. Sediment was
collected from a nearby aquatic disposal site for use
as a reference material. Sediments were analyzed
for bulk sediment chemistry and evaluated in
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Table 1. Summary of PCDD, PCDF, PCB, DDT, hexachlorobenzene,
and total organochlorine pesticide concentrations {(ug/kg d.w.) in surfi-
cial sediment and dredged material collected from navigation channels
at Porto Marghera, Venice, Italy.

Table 2. Summary of metal concentrations (ug/kg d.w.) in surficial
sediment and dredged material cellected from navigation channels at
Porte Marghera, Venice, Italy.

No. No-
s 1a Samples Samples > Mean o
Chemical Aalyzed Detection Concentration > UCL
Limit
Surface Sediment (0 — 50 cm)
2,3,7,8-TCDD 30 23 1.23E-03 1.86E-03
Total PCDDs 33 19 0.37 0.58
Total PCDFs 33 19 1.76 2.57
23,78 TCDDTEQs 33 19 213 312
Total PCBs 132 132 5370 7,420
Total DDT 37 9 2.57 2.84
Total OC Pesticides 32 28 661 896
Hexachlorobenzene 42 28 136 209
[Dredged Material (0 - 3 m)
2,3,7,8-TCDD 40 28 138E-03 2.13E-03
Total PCDDs 43 43 0.47 0.75
.Total PCDFs 43 43 2.30 3.56
2,3,7,8.TCDD TEQs 43 43 .77 4.30
Total PCBs 17 17 81.1 144
Total DDT 56 9 254 .72
Total OC Pesticides 51 37 547 ne
Hexachlorobenzene 48 46 125 190

3Total PCBs, PCDDs, and PCDFs are reported as 2,3,7,8-TCDD
equivalents (TEQs) using Van den Berg et al. (1998) toxicity
equivalent factors.

accordance with the Tier II testing procedures
described in the U.S. Testing Manuals
(USEPA/USACE, 1991, 1998). The results of Tier
I sediment toxicity testing were compared to the
classification of the material described by the
Venetian numeric dredged material management
standards. The degree of concordance between
numeric classification and observed effects in each
category of dredged material was examined in light
of the potential implications for future dredging
and dredged material management.

ENVIRONMENTAL DATA AND
ToxzicrTy TESTING METHODS

A compilation of chemistry and physical meas-
urements of navigation channel sediment was com-
pleted by the Venice Port Authority and the
Venetian Water Authority in 1999. The data are
summarized in Table 1 and Table 2. The sediment
database currently consists of 306 records repre-
senting 196 sampling locations. Chemistry analy-
ses were performed in various commercial and uni-
versity laboratories using analytical procedures
specified by the Ministry of the Environment
(Ministero dell’ Ambiente, 1993). Suspended par-
ticulate phase and solid phase sediment toxicity
testing was conducted in accordance with the Tier

No. Dredged Material (0-3m)
Chemical  Samples Mean 95% UCL Mesn 95% UCL
/>DL Concentration Concentration

Arsenic 140/140 4.T6EHM4 SBIEHM S.6TEHM 6I4EH4
Codmium  142/133 LA3EHM 228F-HM 1.96E+HM4 LEIEHM
Chromium ~ 119/119 4.84EHM SA41EHM 546EHK 6ASEHM
Copper 118118 L17TEHS 13TEHIS L40EHS LTEHIS
Lead 110 2.10E+05 28IEH0S 231EHS 3.40EH0S
Mangancse  26/26 SB0EHS 6AEHS TA9EHS 1LO9EHIG
Mercury 145126 L15EHM LS0E+HM 1.60E+34 2YEHM
Nickel 14114 2. 60E+HM 2. 78F+HM J.4E+H4 386F+34
Selenium 127 THEHS 1.50E+04 9. 2EH3 1L.76EHM4
Tellurium 7/2 1LO7EHG 18SEH3 1.38E+H03 4 14EH3
Thalliom 718 ZTEH3 S.85EW3 3.38E+13 B24EH3
Tin 717 L29F+04 L62EAHM4 235EHM 4.91FE+HM
Vanadiom 9/9 GATEHM T.61E+HM4 TI3EHM B.95E+HM
Zine 14v145 L9+ LTEHG 1.76E+)6 226E+06

Table 3. ITM/OTM Tier 111 sediment toxicity test procedures used to
evaluate Venice navigation channel sediments.

Test Type | Test Procedure | Interpretive Criteria Reference
Suspended [48-hour echino- [Comparison of fac- |E 1563-98
Particulate |derm develop- Jtored LC50 or ECSOJ(ASTM 1999)
Phase ment with 5. vatue (0.01 x LC50) J(USACE/USEPA,
(SPP) |purpuratus to estimated SPP 1991, 1998)

aijconcentration at the [Erar—=
edge of the mixing (ASTM 1999);
zone using the (USACE/USEPA
STFATE model 1991, 1998)
96-hour survival (USACE/USEPA,
in M. beryllina 1991, 1998)
Solid 10-day amphi- ]Comparison to sur- |[USEPA 1994;
Phase (SP) [pod survival in [vival in reference (USACE/USEFA,
E. estuarius sediment exposed  |1991, 1998)
10-day poly-  [Cr5anisms E 1611-94
chaete survival (ASTM 1999)
in N. arenpaceo- (USACE/USEPA,
dentata 1991, 1998)

II testing procedures described in the U.S. Testing
Manuals (USEPA/USACE, 1991, 1998). A sum-
mary of the series of suspended and solid phase
tests conducted on each representative class of nav-
igation channel sediment is presented in Table 3.

RESULTS

CHEMISTRY ANALYSIS

A summary of the sediment chemistry results
is presented in Table 4. Comparison of the meas-
ured chemical concentrations in sediment samples
representing each of the three different classes



described in the current Venetian dredged material
management guidelines indicated that the selected
sediments provided a reasonable representation of
the three classes of material. In both the reference
and ‘A’ category sediments, the majority of meas-
ured contaminants were below the ‘A’ guideline
values with the exception of mercury. In the ‘B’
sediment, most of the measured constituents were
above ‘A’ but below ‘B’ guideline values. In the
*C’ material, mercury was the only constituent
exceeding the ‘C’ guideline value.

Comparison of chemical concentrations to
Long et al. (1995) ER-M values (Table 5) showed
an increasing trend (i.e., reference<’A’<‘B’<‘C") in
both the SER-M quotient (ranging from 1.6 to 7.2)
and the average ER-M quotient (ranging from 0.16
to 0.72) for the measured constituents.
Constituents consistently approaching or exceeding
ER-M values in category ‘B’ and category ‘C’
sediment included mercury, zinc, and total PCBs.

Table 4. Classification of Contaminant levels in Venetian navigation
channel] sediment samples collected for Tier III testing using the
Venetian Dredged Material Management Guidelines.

Chemical Reference A ) [3

Units: mgikg Class | Vatue | Class | Value | Class | Value | Class | Value
Jarsenic A 10.2 A [X] B 154 A 128

A <0.2 A [X] B [%} B 24

A 189 A 135 A 1.8 A 127

Copper A 43 A 254 B 492 B 27
Lead A 15 A 30.7 B ox7 B [
ury A 0.5 B 092 B 1.84 3 284
Ickde A 20.8 A 136 A 17.5 A 288
A 49 A 120 B 305 B 0

'otal Hyorocarbons A 12.2 A 108 [] 5 B ™
'otal PAHS A | <0020 [ A 0.39€ B (2067| B |7358
‘otal PCBg A | <0020 A [<0018] & [omez]| B |[6.i86
Fnonm-ﬂ Pesticides A <0.001 A 0,001 A J<0001] A [x0001

Table 5. Contaminant Concentrations in selected Venetian navigation
channel sediments expressed as a percentage of Long et al. (1995)
ER-M values.

Reformmce | A [] | [
Yo of ER-M % of ER-M % of BR-M o of BR-M
Chemical Value % Value [Clazs Vaive Value
Arsemic A 148% A 12.5% B 220% A 183%
LT A 1.0% A 4% B Ak B 25.8%
A 51% [ 0% A 48% A 17%
A 8% A 4% [ 182% [-] 19.5%
A % A Hi% B 45.3% [ ] 5%
A A% [] 120.6°% [] 2502% c X%
cKI® A 48.5% A A% A N% A 55.8%
A 12.¥% A W% B Hk B 82.1%
‘stal Hyorocarbans| A NA A MA [] NA B NA
‘otal PAHT A (X3 A % B 48% B HA%
[Total PCRs A 6% A 5.0% B 51.1% B [ X3
A NA A NA A NA A NA
ERMQ 1.6 240 5. 715
VMe ERM G [X1] .24 .58 .72

SEDIMENT TOXICITY TESTING METHODS 133

Tier I ToxacrTy TESTING

Suspended particulate phase (SPP) tests
showed significant effects relative to control in the
50% and 100% elutriate concentrations of category
‘A’ and ‘B’ sediments for all three test species eval-
uated in this study. The results for the minnow
(M. beryllina) shown in Figure 2 were typical of
those observed in tests involving mysid shrimp (M.
bahia) and sea urchins (S. purpuratus). SPP tests
conducted on category ‘C’ material did not show
significant effects on the three test species.
Comparison of initial measured total ammonia levels
in the SPP tests with the reported no observabie
effect concentration (NOEC) for each of the test
species evaluated suggested that the observed toxi-
city was most likely due to ammonia.
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Figure 2. Results of the suspended particulate phase test and initial
ammonia concentrations for the minnow (M. beryllina) exposed to
three classes of Venetian navigation channel sediments,

The results of the solid phase test are presented
in Figure 3. The amphipod (E. estuarius) showed
a significant effect relative to reference sediment
only for category ‘B’ material. Because pre-test
pore water ammonia levels were quite high
(>100 mg/L) in the category ‘A’ and ‘B’ sediments,
exchanges of overlying water were performed in
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accordance with the Tier III test method to reduce
ammonia levels to acceptable levels prior to the
addition of the test organisms. Exchanges contin-
ued for the duration of the test to ensure ammonia
levels remained below the recommended threshold
(30 mg/L pore water). Tests with the polychaete
{N. arenaceodentata) showed no significant effects
from exposure to any of the sediments evaluated.

w
=
3
-
=
W
€
Contrel  Reference A B C
Sample 1.D.
Amphipad (£ extuepincy
"
=
£
3
[~ ]
F
Control  Reference A B c
Sample I.D.

Polychaete (N. arenaceodonta)

* Line indicates toxicity threshhold in the Amphipod (20% < reference survival)
and Polychaete {10% < reference survival)

Figure 3. Results of the solid phase test for the amphipod (E. estuarius)
and the polychaete (V. arenaceodonta) exposed 1o three classes of
Venetian navigation channel sediments.

DISCUSSION AND CONCLUSIONS

Based on the results of Tier Il sediment toxicity
tests completed to date, it appears that the category
‘A’ and ‘C’ materials collected from Venice naviga-
tion channels would be suitable for open water dis-
posal under the current U.S. effects-based testing
program. In contrast, the category ‘B’ material
evaluated in this study showed significant toxicity
in the solid phase tests with the amphipod E. estu-
arius, exceeding the permissible concentration
limit for open water disposal (i.e., the results were

significantly different from reference and more
than 20% less than reference for amphipods).
Consequently, the category ‘B’ material evaluated
in this study would not be suitable for open water
disposal under the U.S. effects-based testing program.

Toxicity was observed in the suspended partic-
ulate phase tests for both category ‘A’ and ‘B’
materials; however, the toxicity appears to have
been due to elevated concentrations of ammonia,
which is not considered a contaminant of concern
in dredged material evaluations. Although speci-
fied in Tier III testing protocols, the STFATE
model was not applied to evaluate the suspended
particulate phase test results because of the con-
founding effect of ammonia on the results,
Furthermore, the STFATE model is not designed to
evaluate disposal site conditions such as those in
the Venice Lagoon, where water depth is relatively
shallow (less than 1 m deep).

The results reported in this study highlight one
of the major problems underlying reliance solely
on chemistry in sediment assessments and evaluea-
tions of sediment quality. It is not clear why toxic-
ity was observed in category ‘B’ sediment and not
in category ‘C’" sediment, even though the concen-
trations of measured contaminants were higher in
the ‘C’ sediment. The observed toxicity could be a
result of differences in bioavailability, the presence
of unmeasured constituents at toxic levels, or some
other environmental and/or chemistry factors.
Clearly, approaches based on sediment chemistry
alone do not account for the possibility of interactive
chemical mixtures, the presence of unmeasured
constituents, or the interplay of physical factors
{(e.g., grain size, quantity and quality of organic
carbon, etc.) and chemical contamination on bio-
logical response.

Research conducted over the past few years by
Word et ai. (2000) has led to the development of a
series of questions that address the potential for
confounding factors to influence the outcome of
sediment toxicity tests. According to Word (2000),
there are four categories of confounding factors in
sediment tests: persistent sediment features such as
grain size and total organic carbon; non-persistent
features such as ammonia and salinity; exposure
and behavioral coincidence between test organisms
and the contaminants in pore water and the sedi-
ment - water interface; and factors attributable to
differences among laboratories involved in



conducting and reporting the results of sediment
tests. Each of these four categories can have a pro-
found affect on test results and may be responsible,
in some cases, for misguided sediment management
decisions.

The results of this study suggest that the cur-
rent sediment classification scheme described in
Venetian dredged material management guidelines
is environmentally protective within the context of
the specified management framework. According
to the current Venetian framework, only category
‘A’ material is disposed in open water without
restrictions. The results of Tier 1l toxicity testing,
which reflect an effects-based approach, indicates
that category ‘A’ material is suitable for open water
disposal. Additional work is required before reaching
more definitive conclusions regarding category ‘A’
material, and any conclusions regarding the man-
agement of category ‘B’ and ‘C’ materials. The
results of sediment bioaccumulation testing are not
complete at this time, and results of this testing
may indicate unacceptable bioaccumulation rela-
tive to reference exposed organisms in the selected
sediments. Consequently definitive conclusions
regarding disposition of ‘B’ and ‘C’ sediments can-
not be made until this testing is complete. As the
environmental cleanup plan for the Porto Marghera
area proceeds, future work will focus on expanding
scientific knowledge of the Port’s impacts on the
Venice Lagoon, and exploring engineering solutions
for appropriate future removal, treatment, and
disposal of dredged material.
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Comparative Summary of Selected Contaminated Sediment Assessment
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ABSTRACT:; Over the past decade, regulatory programs have been developed to
evaluate the magnitude and extent of sediment contamination and manage
contaminated sediments. Comparative reviews of assessment programs within and
between states and/or regions are rare. Yet, this type of review is essential for
management areas to further develop sediment quality assessment programs.

A review was conducted as part of a larger study to summarize tools for assessing
marine sediments and to detail how marine sediments are assessed in various
regulatory programs. Three state programs (California, Florida, and Washington)
were selected for review and comparison, These programs were selected primarily
because they use multiple and different assessment tools. Information was collected
from guidance and regulatory documents and by interviews with program managers.
Points reviewed include program objectives, research and development, testing,
criteria, regional specificity, and degree of integration with the federal dredged

material management program,

Key words: sediment assessment, management, risk assessment

INTRODUCTION

In its National Sediment Quality Survey
(USEPA, 1997}, the Environmental Protection
Agency established four national goals to manage
the problem of contaminated sediments:

*  Prevent the volume of contaminated sediment
from increasing,

+ Reduce the volume of existing contaminated
sediment,

* Ensure that sediment dredging and dredged
material disposal are managed in an environ-
mentally sound manner, and

* Develop scientifically sound sediment man-
agement tools for use in pollution prevention,
source control, remediation, and dredged
material management.

If these goals are to be met, environmentally pro-

tective and economically feasible evaluative sys-

tems must be developed to accurately identify

ICorresponding author: telephone: 732-872-0111;
fax: 732-872-8041; email: Science @CleanOceanAction.org

sediment contamination and its associated ecological
and human health risks. An ongoing need exists to
improve existing federal and local evaluative sys-
tems and to develop new techniques for assessing
sediment contamination,

A host of biological tests and numerical stan-
dards have been formulated to examine the pres-
ence of contaminants in marine sediments, their
routes of exposure to marine organisms and
humans, and their potential for negative ecological
and human health effects. Although a great deal of
information about these assessment tools exists in
the form of regulatory guidance manuals, policy
documents, scientific publications, and educational
reports and fact sheets, it is difficult to find a com-
prehensive discussion of the majority of tech-
niques and programs used to evaluate marine sedi-
ment contamination. Work presented here is a
result of a larger study, which was initiated to fill
this void by providing a general overview and
comparison of most of the available approaches to
assessing marine sediment quality.



METHODS OF INFORMATION COLLECTION

Objectives were to review existing sediment
assessment tools, document various assessment
programs and how tools are used within those pro-
grams, and compare and contrast the assessment
programs. This review is not a critique or advoca-
cy of these sediment assessment programs.
Information on assessment tools and programs was
collected by interviews and discusstons with
researchers and program representatives and by lit-
erature reviews. For detailing the assessment pro-
grams, guidance, policy, and regulatory manuals
were reviewed. After compilation, program
descriptions were reviewed by program representa-
tives for accuracy and corrected as necessary. The
three state sediment quality programs reviewed
were California (Stephenson et al., 1994; State of
California: SWRCB, 1998), Florida (MacDonald,
1994) and Washington (Becker et al., 1989;
Washington State DEP, 1991; USACE Seattle
District et al., 2000).

Program-aspects that were described are:

* applications: site assessments, remediation,
source reduction, dredged material management;

* sediment quality criteria: if used, derivation
approach, interpretation;

+ tiers: is the program tiered or non-tiered;
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= tests: bioassays used, medium (e.g. whole sedi-
ment, porewater, sediment-water interface,
extracts), endpotints (reproduction, growth, sur-
vival), other (bioaccumulation assays, field
benthic surveys);

* degree of integration with the regional dredged
material management program; and

* status of program implementation.

CASE STUDIES

Table 1 details the various state sediment quality
programs. Various tools of sediment quality
assessment are utilized across all programs, how-
ever the methods of implementation vary.

APPLICATIONS

All state programs were developed for the pur-
poses of site-characterization to assess and monitor
the extent and magnitudes of sediment contamina-
tion, to identify sites of concern for remediation,
and further, in Washington, for regulation of indus-
trial discharges and other non-dredged material
point sources. Only in Washington do the sedi-
ment assessment program and dredged material
management program offer similar types of tests.

Table 1. Summary descriptions of three sediment quality assessment programs in the United States, Dredged material management programs are
not described here. All programs in this table are used for site assessments, and in addition, Washington state’s program is used for source control
from point discharges. For more information about specific aspects of the assessment program, see referenced program guidance documents
(MacDonald, 1994; Stephenson et al., 1994, State of California: SWRCB, 1998; Washington State DEP, 1991},

Program Sediment Quality Structure Bioassay Endpoints!
Criteria
Derivation tiered [non-tiered Testing: “Reproduction Growth 2 | Survival
California
BPTCP (Bay Protection |[none v chemical data, toxicity v v v
and Toxics Cleanup Plan) [bioassays, field siudies
[Florida
Department of TEL/PEL,; co-occur- v 1: histonical data, 2: chemi- ¥3 w3 V3
Environmental Protection Jrence cal data, 3: toxicity bicas-
says>, bioaccumulation tests
‘Washington
Department of Fcology? JAET, co-occurrence v chemical data, toxicity v v v
bioassays, field studies

! Washington state program also includes tests for reduced bacterial bioluminescence in addition to listed endpoints.

2 includes: developmental abnormality, reduced growth

3 Tests are not yet standardized within the state program, recommendations are to follow ASTM (American Society of Testing and Materials}

protocols (MacDonald, 1994, Volume2 and references cited therein).

4 Department of Ecology, Human Health also performs human health assessments on case-by-case basis, but standardized effects levels are still
in development (Kissinger, L., Washington State Department of Ecology, July 2000, personal communication).
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SEDIMENT QUALITY CRITERIA

Florida and Washington state programs utilize
regionally-developed sediment quality criteria
(whereas California’s sediment quality program
does not use sediment quality criteria). Both of
these sediment quality criteria sets were derived
using co-occurrence methods.

In Florida, sediment quality assessment guide-
lines (SQAGs) were developed (MacDonald, 1994)
to be used in preliminary evaluations of sediment
quality and to prompt evaluation at higher tiers of
the sediment assessment procedure. The SQAGs
were developed from an expanded version of the
National Oceanic and Atmospheric
Administration’s (NOAA’s) bioeffects database,
with specific attention paid to studies conducted in
the southeastern part of the United States. The
studies compiled for this database included equilib-
rium partitioning-based guidelines, the results from
spiked-sediment bioassays, and data from field
investigations of sediment toxicity and benthic
community structure. Raw data from these studies
were subjected to statistical co-occurrence analyses
to determine relationships between chemical con-
centrations and various observed effects and develop
SQAG’s (which were comprised of the Threshold
and Probable Effects Levels; TEL and PEL, respec-
tively). The TEL was defined as the upper limit of
the range of sediment contaminant concentrations
in the “No Effects” data set, below which signifi-
cant biological effects were not expected to occur.
The PEL was defined as the lower limit of the
range of sediment contaminant concentrations in
the “Effects” data set, above which adverse effects
were expected to occur frequently or always.
Finally, based on the TEL and PEL guidelines,
three ranges of contaminant concentrations were
identified for each contaminant (Figure 1).

The sediment quality criteria (Becker et al.,
1989; Washington State DEP, 1991) used in the
Washington program are based on the multiple
Apparent Effects Threshold approach (AET),
which is an empirical approach for establishing
sediment quality criteria/guidelines (Barrick et al.,
1989; USEPA, 1992). These guidelines are intend-
ed to be used in conjunction with bioassays for site
characterizations and to prompt higher tiers of test-
ing in the dredged material management program.
The Apparent Effects Threshold (AET) for a given

Probable Effects
Range »

Possible Effects
Range
! 1
TEL PEL

Minimal Effects
" Range

Figure 1. Diagrammatic interpretation of Threshold and Probabie
Effects Levels (TEL/PEL).

chemical is the concentration above which statisti-
cally significant effects are always expected (at the
95% confidence level). Chemical and biological
tests were conducted on field samples from Puget
Sound to identify “impacted” and *“nonimpacted”
sites by statistically relating observances of adverse
effects (using both acute and sublethal indicators)
in test sites to those in reference sites. Using only
“nonimpacted” stations, the AET for a given chem-
ical and biological indicator was the highest detect-
ed concentration (total organic carbon normalized)
that was not associated with adverse effects (see

Figure 2).

" ]

AET

Figure 2. Diagrammatic interpretation of Apparent Effects
Threshold (AET).

TIERS AND TESTS

Of the three sediment quality assessment pro-
grams reviewed, only Florida’s program is tiered.
California’s Bay Protection and Toxics Cleanup
Plan program is non-tiered. The Washington state
sediment quality assessment program is tiered in
the dredged material management program; yet,
non-tiered for sediment quality monitoring and site
characterizations for remediation.

State programs are utilizing acute and chronic
toxicity tests, benthic surveys, and bicaccumulation
assays within the sediment assessment programs.
These tests are not always required for any given
assessment (e.g., dredged material management in
Washington state and sediment quality assessment
in Florida). Endpoints not available in the state
programs, but that do exist in the research arena,
include genotoxicity, intrinsic population growth,
recruitment, and assays for histopathological
abnormalities.



INTEGRATION WITH DREDGED MATERIAL
MANAGEMENT

Federal evaluation procedures (USEPA and
USACE, 1991; USEPA and USACE, 1998) for
dredged material management are used in all
regions, sometimes with regional-specific modifi-
cations. The Florida Department of Environmental
Protection and California BPTCP are not affiliated
with their respective regional dredged material
management plans, However, in Washington, both
federal (ACE Seattle District and EPA Region X)
and state (Department of Ecology and Department
of Natural Resources) agencies have jointly coop-
erated for the past 12 years in managing the
dredged material management program (USACE er
al., 2000). This program uses the regionally
derived sediment quality criteria in evaluating
dredged materials. The standard Screening Level
{SL; concentration below which adverse effects are
very unlikely) and Maximum Level (ML; the con-
centration above which adverse effects would be
expected) values used are based on the AET values
that have been developed in Washington. In addi-
tion, Tier I biological tests are similar to the
state’s sediment quality program and are required
for all sediments containing contaminant concen-
trations between the SL and ML values.

DISCUSSION AND CONCLUSIONS

Across just three state programs, there are
major differences in sediment assessment methods
and programs. Additionally, these state sediment
assessment programs differ from federal dredged
sediment evaluation guidance. One common pur-
pose of all programs is to ensure that sediments are
accurately characterized and meet environmental
regulatory standards. Further work must evaluate
and quantify the differences between the various
programs’ conclusions about potential for ecologi-
cal and human health risks. For example, ques-
tions that must be answered include: In practice,
how are these assessment programs enforced and
how often does poor or incomplete implementation
occur? What gaps in protection exist for each pro-
gram? Is any one program’s approach less sensitive
for detecting potential for adverse ecological and
human health risks than another? Is one program
more effective and/or efficient than the other?
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What are the environmental consequences of a
region having different assessment program
approaches (e.g., for purposes of site characteriza-
tion vs. dredged material management)?

Numercus techniques and tools are available
for regulatory programs, including tests and
approaches not currently required by the federal
dredged material management program in marine
waters (e.g., chronic toxicity tests that measure risk
to reproductive and growth endpoints in whole
marine sediments). If we are to reach goals, at
local and national levels, of reducing ecological
and human health risks from contaminated sedi-
ments, regions must further develop and properly
implement sediment assessment programs that
learn from each other’s progress and work together
(instead of on separate tracks) towards environ-
mentally-sound management of all sediments.
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ABSTRACT: The recently completed Boston Harbor Navigation Improvement Project
relies upon capped in-channel confined aquatic disposal (CAD) cells to sequester
contaminated sediments. This study uses decision analysis to evaluate the costs and
environmental benefits of various suboptions that were (or could have been) considered
in the decision making process. Consolidation time is related to cell depth and sediment
characteristics and determines, in part, cap depth, which is a more important
determiner of CAD performance than is consolidation time alone, Based on engineering
costs alone, uncapped CAD cells provide more benefit per dollar allocated than do
capped CAD cells. If environmental benefits are monetized, uncapped cells, by a slim
margin, provide greater benefit than capped cells. If a willingness to pay is added to the
benefit effectiveness assessment, then capping may be more beneficial as long as the cost
does not exceed the willingness to pay amount. Furthermore, if the environmental
benefit of capping is “worth it”, it makes sense to remediate sediments in all portions of
the harbor, and not just those involved in navigation and berthing dredging projects
(approximately 33% of the total inner harbor).

Decision analysis is a useful tool in evaluating disposal alternatives, but our conclusions
would be more precise if better information were available regarding: the valuation of
environmental benefit, the cost structure of disposal options, and the degree to which
movement of contaminated, undredged sediments undermine the benefits achieved by
removal of only part of a harbor’s contaminated sediment.

Keywords: CAD, capping, decision analysis, Boston Harbor, MA

INTRODUCTION constructed in-channel confined aquatic disposal
(CAD) cells to sequester contaminated sediments
generated during the dredging of Boston’s Inner
Harbor (Figure 1). Uncertainty about the stability
of dredged sediments and the environmental
acceptability of uncovered pits resulted in the

- decision to place a clean sand cap over the
'Comresponding author: telephone: 617-252-1741; dredged materials (USACOE and Massachusetts
fax: 617-252-1615; email: jpederso @mit. edu Port Authority, 1995). Are such caps necessary for

Disposal of contaminated sediments is one of
the most challenging aspects of maintaining and
operating navigable channels. The Boston Harbor
Navigation Improvement Project (BHNIP)



144 SOMMARIPA ET AL,

environmental protection? If pollutants continue to
enter the harbor and cover clean, capped areas, is
there a net environmental benefit gained from the
additional project cost? This study uses decision
analysis to address these issues. In addition, we
address two broader questions:
*  What are the costs and environmental benefits
of various options for dredged material disposal?
* How useful is decision analysis as a tool to
evaluate such options?

Everett # 3 p
Chelsea 4

Figure 1. Map of Boston Harbor showing originally planned CAD
cells (adapted from the USACOE).

APPROACH

Decision analysis provides a numerically based
approach to understanding policy issues and is
often employed in situations compounded by envi-
ronmental uncertainty. Here, the challenge is to
select numerical values for environmental compo-
nents that are agreed upon by society. Our model
examines costs and environmental benefits of six
in-channel sediment sequestration options plus a
seventh option of no environmenial action (i.e.,
simply leaving dredged sediments on the harbor
floor} that is given the numerical value of zero.
The six disposal options include isolation (e.g.,
perfect sequestration within the cell, equivalent to
removal of the contaminants from the site such as
would occur if upland disposal were used), dispos-
al in partially functioning shallow (5 m) and deep
(15 m) cells with short (62.5 and 125 day) and
long (125 and 250 day) consolidation times respec-
tively, prior to capping (4 options) and disposal in
uncapped cells.

Figure 2 shows some environmental pathways

which include: (1) loss of contaminants (sorbed to
particles) during disposal events, (2) exposure of
benthic organisms to contaminated sediments, (3)
release of contaminants (dissolved or desorbed
from sediments) into the water column, (4) resus-
pension of contaminants (sorbed to particles) from
cells whose sediments are not well-consolidated, (5)
resuspension of contaminants (sorbed to particles)
from cells after an initial consolidation period, and
(6) release from cells through cap (dotted because
assumed to be minor). Capping reduces exposed
areas, but a cap may be covered with contaminants
transported from other areas including undredged
harbor areas. The rate of contaminant availability
as a function of time for zll five environmental
pathways is shown schematically in Figure 3.

Figure 2. Environmental impacts from Confined Aquatic Disposal
(CAD) cells. Amrows indicate sources of contaminants, as explained
in the text. Environmental impacts reflect contaminant availability in
sediments and water column,

To avoid difficulties (i.e. essentially a lack of
data) with assigning costs to environmental bene-
fits, an incremental benefit-cost ratio was chosen
out of four possible approaches (Table 1). If all
approaches were used, an incremental cost of each
option with successively higher environmental ben-
efits could be compared (de Neufville, 1990). In
this study, the benefit-cost ratio was used because
it is possible to use this approach without assigning
monetary value to the environmental benefit. The
advantage of this method is that it avoids placing a
value on non-monetary benefits; the disadvantage
is that it assumes there is an increasing returns to



scale, i.e., there is increasing benefits with increas-
ing costs. Using the chosen isolation option (cap-
ping), monetary values were assigned to environ-
mental benefits for the model and sensitivity analy-
sis was run to determine the importance of the
assigned values.
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Figure 3. Qualitative representation of environmental impact versus
time for five exposure pathways. “Resuspended from cell” includes
both resuspension from unconsolidated sediments (non-linear portion
of the curve) and resuspension from consolidated sediments (linear
portion).

Table 1. This table shows four methedologies for evaluating project
alternatives and the approach each takes to choosing an optimum
project alternative, but only a monetized and non-monetized benefit-
cost ratio was used (de Neunfville, 1990).

Evaluation Methodologies

Cost-effectiveness Finds the maximum benefit that can be

achieved for any specific cost or budget

Benefit-effectiveness  |Finds the least cost of producing any level of

|benefit

Benefit-cost ratio Finds the maximum of the quotient of the

|benefits of a project divided by its costs

Willingness to pay Finds maximum monetary benefit given
assumed monetary valuation of non-

monetary benefits

RESULTS

Based on monitoring data from six cells of the
BHNIP (pilot cell, Mystic River cells M4, M5,
M12 and M2, plus the super cell), cap effective-
ness curves were derived as a function of the cell
depth and the interval of time between silt disposal
and cap placement (Figure 4). Cap effectiveness
reflects the degree of consolidation based on
observed sediment mixing within sample cores
(Sommaripa, 2000). Consolidation is shown to be
positively correlated with consolidation time and
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negatively correlated with silt depth. Note that one
cell (M5) did not conform and was dropped from
the evaluation. The cap in M5 remained intact, at
a depth of approximately 1 meter.

i L3 by otd 2RE

1he i8R0
Pre-cap Consolidation {days]
Figure 4. Cap performance curves (effectiveness of consolidation) as a
function of consolidation time and cell depth (indicated parametrically)
using data from BHNIP.

A monetized approach for environmental bene-
fits (a benefit-cost ratio analysis that assumes a
willingness to pay for units of environmental bene-
fits) shows that uncapped CAD cells are the pre-
ferred alternative over capped cells and complete
isolation, but only marginally (Table 2; Figure 3).
However, incrementally the added benefit from the
cap is low relative to the uncapped cells.
Environmental benefits are highest for isolation,
but costs make this option less attractive. Among
capped cells, deeper cells are preferred to shallow
cells and, to a lesser extent, long consolidation is
preferred to shorter consolidation. Heuristically,
for a given quantity of contaminated sediments to
be sequestered deep cells provide more environmen-
tal benefit (from having a smaller exposed surface
area) than costs (due to reduced consolidation). We
note that the guantitative aspects of these conclusions
reflect uncertainty with the chosen parameter values.

The value of remediating the entire harbor was
also investigated (Figure 6). If only the channel is
dredged, there is a significant decrease in incre-
mental benefit-cost ratio (dotted line), whereas
dredging the entire harbor shows a slight decrease
in incremental return (solid line), This is based on
how costs are allocated — to navigation or remedia-
tion. As the percentage of the harbor remediated
increases, the effect of silt movement on reducing
environmental benefits decreases because there is
less contaminated silt available to cover up cleaned
areas. Based on the assumptions used in this
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Table 2. Base case summary results for six disposal alternatives for
the base case for remediation of contaminated sediments from chan-
nel areas of the harbor. The net value is the difference between the
environmental benefit and the cost of the alternative. Based on the
net value, the deep cell CAD options are preferred.

Alternative Cell | Consol. | Cost |[Environ. | Net Value
Depth | Interval | ($x106) | Benefit | ($x10%
(m) | (days) ($x105)

Uncapped deep
CAD cells 15 nfa 11,23 41.65 30.08
Capped deep long
CAD cells 15 (250) 13.20 | 43.59 30.03
Capped deep short
CAD cells 15 (125) 1320 | 4339 29.82
Capped shallow long
CAD cells 5 (125) 17.16 | 3954 22.06
Capped shallow short
CAD cells 5 (62.5) 17.16 } 38.71 21.23
Removal from |\, wa | 6808 | 7404 | 534
site

A6

uncapped CAD

e
° .0
-g 2.5
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O
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Figure 5. The three cost effective project alternatives show decreasing
incremental benefit-cost ratios, (environmental benefit/$100) which
raises doubts about whether the small additional benefits of adding a
cap to CAD cells justifies the relatively large incremental costs.
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Figure 6. Both the capped (deep cell, long consolidation interval)
and uncapped CAD altematives initially show decreasing incremental
benefit-cost ratios (environmental benefit/$100) if the entire harbor is
dredged. As the percentage of the non-channel areas dredged
increases {data points represent remediation of 0%, 10%, 33%, 67%,
and 100% of the non-channel areas of the harbor), the incrementat
benefit-cost ratios increase. The cumulative benefit-cost ratios are
somewhat lower for dredging the entire harbor than for dredging only
the channel areas of the harbor.

analysis, the willingness to pay threshold for the
entire harbor is $37/m3 of successful remediation.
This is considerably lower than the incremental
willingness to pay threshold for putting a cap on a
CAD cell ($112 per m3) when the option exists to
use an uncapped CAD cell. Over the long-term it
is worth remediating the entire harbor.

Sensitivity analysis was performed for the vari-
ous alternatives and confirmed that the model is
most sensitive to cost. Depending on where the
willingness to pay valuation is set, a different level
of remediation is recommended. Sensitivity analy-
sis of environmental benefits show that surface
area reduction and sediment movement are the
most important parameters.

CONCLUSIONS

*  For the valuation of environmental benefits
used in Boston Harbor, uncapped CAD cells
provide more benefit per dollar allocated than
do capped CAD cells.

« The environmental benefit from CAD cells
increases strongly as cell depth increases, and
to a lesser extent as consolidation time increases.

+ If the incremental cost of capped CAD cells is
a worthwhile investment, then remediation of
the entire contaminated harbor sediments is
also worthwhile.

e The key variables that lead to uncertainty over
preferred disposal alternatives are:

(1) valuation of environmental benefit,

(2) cost structure of disposal options,and (3) the

degree to which movement of contaminated, un-

dredged sediment undermines benefits
achieved by removal of only part of a harbor’s
contaminated sediment.

Decision analysis is a useful tool to help policy
makers understand tradeoffs among sediment dis-
posal alternatives and how different policy and
technical assumptions lead to different preferred
alternatives.
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BACKGROUND

Environmental dredging windows are a man-
agement tool for reducing the environmental
impacts of dredging and disposal operations on
living resources, aesthetics, and recreation and
tourism. Dredging windows are one of a number
of management and technological tools that can be
used individually or in different combinations to
reduce undesirable impacts of dredging and dis-
posal operations. The U.S. Army Corps of
Engineers (ACOE) has contracted with the
National Research Council’s (NRC) Marine Board
to conduct a study of the application of environ-
mental dredging windows in Federal Navigation
Projects. The project is being carried out in col-
laboration with the Ocean Studies Board.

The goals of the NRC project are to review
the process by which environmental windows are
set, applied, and managed, and to recommend
ways to improve the process and the effectiveness
of environmental windows as one of a set of man-
agement and technological tools used in managing
dredging and disposal operations. The project
Steering Committee sought input from the partici-
pants in the MIT Sea Grant Conference on
Dredged Material Management: Options and
Environmental Considerations, and a questionnaire
was distributed at the conference.

The ACOE’s primary interest in environmental

lCorresl:»ouding author; current address: Aquarium of the Pacific,
100 Aquarium Way, Long Beach, CA 90802 USA,; telephone: 562-
951-1608; fax: 562-590-3109; email: jschubel @lbaop.org

windows stems from the fact that currently 80% of

all civil works operation and maintenance dredging

projects are subject to environmental windows on

a yearly basis. Environmental windows are tradi-

tionally established to protect the marine environ-

ment from the primary stressors generated during
dredging operations. These stressors include:

* entrainment (juvenile and larval fishes, sca
turtles and other endangered species);

* suspended sediments/turbidity/re-suspension of
buried toxics and nutrients (negative impact on
fish and shellfish spawning, disruption of
anadromous fish migrations, reduced water
quality and aesthetic degradation);

+ sedimentation (burial of protected plants);

» habitat loss;

* collisions with marine mamimals (e.g., whales).
The establishment of environmental windows

frequently involves multiple state and federal

agencies many of whom may follow different pro-
cedures in recommending windows, e.g., the level

of justification and documentation supporting a

recommended window may vary from agency to

agency. The ACOE, therefore, has requested the

Marine Board to examine both the scientific basis

and regulatory process used to establish, manage,

and monitor environmental windows.

PURPOSE

The Steering Commitice plans to convene a
national workshop on environmental windows on
March 19 — 20, 2001 i Washington, D.C. The



following topics will be discussed during the work-

shop: the statutory and regulatory basis for estab-

lishing various protection measures; the current
state of the science concerning the biological/ eco-
logical impacts of alternate dredging methodolo-
gies; new developments in dredging techniques and
technologies; analytical methods for assessing
costs and benefits; and, the administrative process
currently followed for establishing windows in
various districts.

The primary outputs from the workshop will
be the following:

*  An analysis of environmental dredging win-
dows as a management tool with an emphasis
on (1) their effectiveness in protecting natural
resources, (2) the processes by which they are
developed, applied, and managed, and (3) the
other management and technological tools
available that could be used in conjunction
with, or instead of, environmental windows.

¢ A set of recommendations to improve the
processes by which environmental windows
are developed and to improve the efficacy of
environmental dredging windows as one of a
number of tools available to protect naturat
resources, and to promote greater consistency
in their development and application across
regions.

CONTACT INFORMATION

If you would like additional information
regarding the Steering Commiittee or the
Workshop, please contact either Jerry R. Schubel at
(562) 951-1608 or Kris Hoellen of the
Transportation Research Board at (202) 334-3385.
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ABSTRACT: The ongoing remedial design for sediment dredging and disposal at the
New Bedford Harbor Superfund site will be based on prior site characterization and
pilot dredging and disposal studies. From these it has been learned that selection of the
dredging technology must address needs for accurate dredging, high production, and
minimal resuspension and spill of sediments during dredging. Also, for successful
completion of the project it is important to dredge and transport sediments minimizing
water addition to the waste stiream and to dredge efficiently in debris laden and shallow
water depth areas.

To develop current information on the capabilities of state-of-the-art dredging
equipment and verify the performance of the equipment a detailed technology
evaluation was performed. New Bedford specific screening criteria were used in the
technology evaluation. Two types of dredge systems were selected from the technology
screening. It was decided to perform an on-site pilot dredging study of one of the dredge
systems to monitor and verify dredging performance. The Pre-Design Field Test
{PDFT) included monitoring of the dredging for performance parameters and
environmental affects. Monitoring was conducted for dredge production, solids
concentration of dredge slurry, dredging accuracy, sediment resuspension and
transport (water quality), air emissions from dredging and disposal, and confirmation
of clean-up goals,

Key words: contaminated sediment, pilot studies, performance parameters, environmental
monitoring, New Bedford Harbor, MA

INTRODUCTION

The U.S. Environmental Protection Agency
(EPA) and U.S. Army Corps of Engineers, New
England District (USACE) entered into an
Interagency Agreement giving the USACE the
responsibility to provide technical assistance to
EPA on New Bedford Harbor, to include remedial
design activities associated with the Record of
Decision (ROD) for the upper and lower New

1Coﬂmponding author; telephone: 504-587-8600;
fax: 206-985-4519; email: jlally @fwencefbean.com

2Cm:responding author; telephone: 617-457-8234,
fax: 617-457-8498; email: aikalainen @fwencfwenc.com

Bedford Harbor. The remedial design will be
accomplished in accordance with the ROD dated
September 25, 1998. The harbor sediments are
contaminated with PCBs, heavy metals and other
chemicals.

The remediation plan involves dredging of
PCB contaminated sediments throughout the
Acushnet River estuary and New Bedford Harbor
and placement of dredged material in nearshore
confined disposal facilities (CDFs). The cleanup
will require the use of state-of-the-art dredge tech-
nology, dredging techniques, and material handling
systems to be completed successfully.



Prior dredging activities have been performed
in the New Bedford Upper Harbor during the Pilot
Dredging study in 1988 and 1989 (USACE, 1990),
and for the Hot Spot dredging in 1995 (USEPA,
1996). While these dredging events did demon-
strate the use of a number of conventional and
alternative hydraulic dredging systems, the
USACE requested Foster Wheeler Environmental
Corporation to research more innovative technolo-
gies in an attempt to optimize the dredging process
for the full scale project, particularly with regards
to dredge production, dredging accuracy, and
dredged material water content,

In 1999, Foster Wheeler working with the
USACE performed preliminary and detailed evalu-
ations of current, available dredge technologies to
meet the specific requirements of the full- scale
remediation project. The primary requirements of
the dredge equipment on the New Bedford Harbor
cleanup are demonstrating accessibility for dredg-
ing of the Upper Harbor given low bridge clear-
ances and shallow water depths; minimization of
resuspension of contaminated sediments; adequate
dredging production; minimization of water added
during the dredging process; and dredging accuracy.
Following a review of these evaluations with
USACE and the EPA, it was determined that a pre-
design field test (PDFT) of dredging systems with
demonstrated potential to meet a series of require-
ments for the New Bedford cleanup take place
prior to final selection of the dredge system(s) to
be used on the full-scale cleanup.

DREDGE TECHNOLOGY SELECTION

The report “New Bedford Harbor Cleanup
Dredge Technology Review (FWENC, 1999),”
provides an assessment of potential dredging tech-
nologies that can address a set of specific chal-
lenges and criteria that have been identified in pre-
vious studies and actual dredging efforts at the site.
These include the following:

* Maximize solids content and thereby reduce
water volume and water treatment;

¢ Minimize resuspension of contaminated marine
sediments while dredging;

+ Dredge in shallow water depths (1 to 4 feet)
and inter-tidal areas;

* Perform precision dredging to minimize over-
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dredging, which would add to the volumes of
material requiring disposal in Confined
Disposal Facilities (CDF);
+ Dredge in sediment having significant debris;
+  Attain relatively high production rates; and
*  Minimize or eliminate odors and polychlorinated
biphenyl (PCB) volatilization (control floatables
and oils with specific emphasis on controlling
contaminated oil releases during dredging).
Over sixty (60+) dredge technologies available
in the United States and internationally were
screened for application on the New Bedford
Harbor project in the report. Based on the project
constraints, described above, the following dredge
systems and components were proposed for further
investigation by Foster Wheeler. These dredge
systems and components represent currently avail-
able technology that have completed full-scale
environmental remediation projects and are
believed to meet at least the majority of the critical
New Bedford Harbor Cleanup Project parameters.
These technologies were further screened and eval-
uated against the project criteria in a subsequent
report titled Evaluation of Dredge Technologies,
Phase Two — Detailed Evaluation (FWENC,
2000). Based on the findings of this study, the
dredge technologies having the highest probability
for success in meeting the New Bedford Harbor
project constraints were proposed for further inves-
tigation by site demonstration or meetings with

Table 1. Screened Manufacturers of Dredge Technology.

Manufacturer / Operator Dredge Technology

Bean Technical Excavation Bonacavor Hydraulic Excavator

Corporation

Normrock Industries | Amphibex Amphibicus
Excavator

Aguarius Industries Amphibicus Excavator

DRE-Technologies Dry-Dredge

Ellicott International Series 370HP Hydraulic
Cutterhead THC Holland

WILCO Marsh Buggies Inc. I'mp Track Mounted Excavator

Quality Industries "1LGP Track Mounted Excavator

Cable Arm Inc. Cable Arm Environmental
Clamshell

Various Land-based Earthmoving
Equipment
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technology representatives. These technologies
included the following:
* Bean Technical Excavation Corporation (Bean

TEC) Bonacavor,

»  Normrock Industries Amphibex,
= Ellicott International Series 370 Hydraulic

Cutterhead Dredge.

It was concluded that dredging technology used for
environmental remediation dredging has changed
substantially since completion of both the New
Bedford Harbor Pilot Dredging Study in 1988-
1989 and the Hot Spot Dredging event in 1995.
Mechanical dredging techniques had been excluded
for use on these two events due primarily to the
inefficiency of barge transport to the disposal facil-
ity {due to shallow operating depths), concem over
resuspension of contaminated sediments, and the
perception that a hydraulic system creates a more
uniform bottom surface.

In the 1990s, in response 1o a growing number
of environmental remediation projects, hybrid
dredging systems (the mating of a mechanical
excavation systern and a hydraulic transport sys-
tem) have been developed and used to successfully
complete a number of full-scale sediment remedia-
tion projects. The Bean Technical Excavation
Corporation environmental hydraunlic excavator
Bonacavor, and the Normrock Industries
Amphibex, are two such systems that have com-
pleted full-scale projects, and that likely would be
well suited to complete portions of the full-scale
cleanup at New Bedford Harbor. Conventional
hydraulic cutterhead dredge systems have also
been successfully used to complete contaminated
sediment removal projects, including the New
Bedford Harbor Hot Spot Dredging, and could suc-
cessfully complete portions of the full-scale
cleanup,

The Ellicott 370 hydraulic cutterhead dredge
had been used during both the Pilot and Hot Spot
dredging events, and, to date, had provided the best
all around performance results in the site.
Significant testing and data collection had been
performed and documented regarding the dredge’s
performance, The Ellicott 370 hydraulic cutterhead
dredge was therefore established as the baseline for
comparison of the newer dredge technologies to be
tested.

The Normrock Industries Amphibex was con-
cluded to represent the most applicable type of

“amphibious” dredge technology for the full-scale
cleanup in shallow and inter-tidal areas, and the
manufacturer was approached to coordinate a field
demonstration during the PDFT. At the time how-
ever, Normrock Industries, a Canadian firm, had
manufacturing operations located only in Canada,
and its dredge, having been built on a foreign hull,
was precluded from operating in navigable waters
of the United States, and thus subsequently deleted
from participation in the PDFT. The company has
since opened a manufacturing facility for the
Amphibex in the United States, and as the hull is
now not foreign built, it may be further considered
for use on the New Bedford Harbor Cleanup, as
well as other dredging operations in the U.S.

The PDFT therefore focused on the Bean type
environmental hydraulic excavator for testing on
the New Bedford Upper Harbor. Coordination
between Bean Environmental L1.C (BELLC), and
Foster Wheeler for participation in development
and demonstration of a Bean type environmental
hydraulic excavator suited to work within the
parameters of the Upper Harbor site was initiated
in early 2000.

Foster Wheeler contracted with BELLC to
develop a dredging system that enables selective
dredging of the contaminated sediment, minimizes
the amount of water added during the slurry pump-
ing process, and recycles the dredge slurry effluent.
This dredge system would be a variant of the origi-
nal Bean type environmental hydraulic excavator
Bonacavor, which was used successfully on the
Bayou Bonfouca Superfund project.

BEAN ENVIRONMENTAL TEST DREDGE

BELLC developed, mobilized and demonstrat-
ed a hybrid dredge (mechanical excavation/
hydraulic transport), which incorporated the major
innovative environmental dredging systems
described below.

HoRIZONTAL PROFILING GRAB (HPG)

One of the primary recommendations of the
dredge technology evaluations (FWENC, 1999)
and a goal of the PDFT was to apply mechanical
dredging equipment to the New Bedford Harbor
cleanup site. It was theorized that excavation using



a mechanical clamshell bucket could provide opti-
mum dredging production, debris management, and
dredging accuracy for the New Bedford Harbor
site-specific conditions. The mechanical bucket
selected for use with the BELLC dredge tested dur-
ing the PDFT was the proprietary Horizontal
Profiling Grab Bucket (HPG). The HPG was devel-
oped by Royal Boskalis Westminster n.v.,
BELLC’s European partner firm, and it has been
used successfully on environmental remediation
projects in the Netherlands and Europe involving
dredging of contaminated sediments. A 4.5 cy HPG
bucket was imported to the United States for
demonstration on the PDFT.

The HPG bucket is designed to excavate thin
layers of material with high accuracy causing mini-
mal spill and turbidity. The HPG bucket is operated
by a hydraulic excavator, with rigid connections, as
opposed to a conventional crane derrick with wire
ropes. Because the HPG bucket is closed actively
by hydraulic cylinders, not closing wires, its vul-
nerability to debris is also significantly reduced.
The incorporation of a 360° horizontal hydraulical-
ly activated rotor between the excavator-stick and
the HPG bucket allows the bucket to be positioned
so that the cutting pattern consists of adjoining,
parallel rectangles. A Caterpillar 375LC hydraulic
excavator with a 27° 6” boom and an 18° 17 stick
was selected as the optimal machine with which to
operate the HPG bucket. The total weight of the
375LC is approximately 180,000 Ibs. (Caterpillar,
1998). Modifications were made on the excavator’s
hydraulic system to incorporate all rotation and
closure functions of the HPG at relatively low
speed, to avoid turbidity during dredging. The
375LC was equipped with centimeter level accura-
¢y Real Time Kinematic (RTK) differential global
positioning system (DGPS) and the Crane
Monitoring System {CMS), described in further
detail below.

The HPG is designed to provide a level cut, in
contrast with a conventional clamshell bucket’s
semi-circular or arched cut. The primary advan-
tages of a level cut are less need for overlap
between adjacent grabs to achieve grade, minimal
removal of underlying (clean) material to obtain a
“clean” bottom, and greater accuracy over the
dredge area. The large footprint of the bucket is
intended to provide optimum production in thinner
layers of material with minimal addition of water.
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The maximum opening of 14.75 ft., for the 4.5 cy
bucket, is approximately 80% longer than that of a
conventional clamshell bucket of same capacity.
The HPG is also designed to be a “sealed bucket” to
minimize resuspension of sediments by containing
the dredged material during excavation and place-
ment, by means of gasketed, mechanically driven
seals, that close when the bucket closes.

CRANE MONITORING SYSTEM (CMS)

The proprietary CMS is an on-board electronic
sensor system that provides the crane operator
maximum control of the bucket while dredging,
both in the horizontal and vertical planes. The
CMS combines signals from the excavator boom,
stick, and bucket hinges, signals from the swing of
the excavator, the horizontal and vertical position
of the RTK antenna, and the list, trim and orienta-
tion of the barge. These signals are assimilated in
a computer that displays the entire dredge system
in a graphical format, in combination with the digi-
tal pre-dredge hydrographic survey and the design
dredge prism. In using the CMS, the operator
dredges in pre-programmed dredge sets based on a
planned horizontal and vertical grid. A heads-up
display installed in the operators cab gives a record
of the historical bucket position and grade achieved
for every set of the dredge. The CMS display mon-
itors were also provided in the control room and
the visitor’s room during the PDFT. Via telemetric
link, the CMS display can also be provided to a
landside office, in real time, in proximity to the
dredge area.

SLURRY PROCESSING UNIT (SPU)

Minimization of the amount of water added to
the dredged material is a focus area of the PDFT
and the design of the full-scale remediation project.
A key component of the Bean dredge Bonacavor
that was desired to be tested for application on the
New Bedford Harbor Cleanup was the patented
Slurry Processing Unit (SPU) with automated con-
trol unit. The SPU system is a hydraulic slurry
transport system that delivers high percent solids
concentrations, by introducing controlled amounts
of water to mechanically dredged material, The in
siti material conditions dictate the theoretical
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maximum achievable slurry density (i.e., it is not
possible to achieve solids concentrations that are
higher than that of the in situ material).

Operation of the SPU system began after
placement of the dredged material by the HPG
bucket on the 6 in. x 6 in. grizzly screen of the
process hopper for debris separation. To prepare
the optimal mixture for the hydraulic transport, two
horizontal augers were installed on the bottom of
the hopper to homogenize the dredged material and
to reduce the (shear-) strength of the sediment. The
SPU controls system measure hopper level, suction
pressure and mixture velocity along the suction
line. Suction pressure and/or velocity readings
below preset operating ranges indicate to the SPU
operator the presence of higher than desired densi-
ties or suction line blockage. Sensors located on
three specific gravity (8.G.) loops placed along the
discharge line on board the dredge measure param-
eters by which the solids maximization process is
steered. The third 5.G loop measures and records
the final solids concentration of the slurry as it is
pumped from the dredge to the PDFT confined dis-
posal facility (Sawyer Street CDF).

RECIRCULATION SYSTEM

The SPU system is intended to minimize the
amount of water to be added to the dredged materi-
al such that the dredge slurry density is optimized;
however, the water that is added to the hydraulic
transport system requires storage capacity and ulti-
mately, treatment. Due to the full scale project
parameters of large dredging volume, the require-
ment for hydraulic transport due to shallow water,
and limited CDF capacity, efforts were made by
Foster Wheeler, the USACE and Bean
Environmental personnel to develop a system
which would serve to further minimize the volume
of discharge water to be managed on the full scale
project. A water recirculation system was therefore
included for testing in the PDFT.

The recirculation system involved the pumping
of decant water from the CDF with a self priming
8-in. diesel driven pump, via an 8-in diameter
3,000 foot fused high-density polyethylene
(HDPE) pipeline, back to the dredge for use as
make up water, thereby creating a closed loop sys-
tem. The make up water system for the SPU was
drawn from either return water from the CDF or

harbor water via a sea chest. During the PDFT
dredging, however, only return water from the
CDF was used to supply the make up water pump
installed on board the dredge. The make-up pump
increased the pressure of the make up water to a
maximum of 150 pounds per square inch (psi). The
make up water supply, available at a charged mani-
fold, was used by BELLC for a number of opera-
tions, including SPU water injectors, suction line
debris jets, and a mini excavator (grizzly) debris jet.

DREDGE PERFORMANCE TESTS

The BELLC dredge and support systems were
mobilized to the project site in late July 2000. With
final assembly of the dredge system and movement
into the dredge test area, the BELLC dredge under-
went a series of performance tests. To provide the
most realistic data for use in development of the
full-scale remediation project, the PDFT would be
conducted in areas and with equipment that would
be reflective of the full-scale project, to the extent
possible. A 100-ft. x 400-ft. dredge area, oriented
east-west, located in the New Bedford Upper
Harbor approximately 3,700 ft. north of the
Coggeshall Street Bridge, was originally designat-
ed for the PDFT. The area, centered on relatively
high levels (over 2,600 ppm) of PCB contamina-
tion, would contain ronghly 4,000 cubic yards (cy),
assuming a two ft. dredge cut. Dredge cut lanes
were established, running north-south, each 30 ft.
wide and 100 ft. long, with 2-5 feet of overlap. As
the dredge area transitioned across varying depth,
debris, sediment type, and contaminant zones, each
cut area would provide discrete “sub-test” areas
within which dredge performance monitoring could
be performed. The depths within the dredge area
ranged from roughly 5.0 feet Mean Lower Low
Water (MLLW) to 0.0 feet MLLW. The minimum
depth of cut in the dredge plan was 1 foot while
the maximum depth of cut was 4 feet. Sediments
dredged were hydraulically transported by the SPU
system via the discharge pipeline to the Sawyer
Street CDF. The maximum distance to the dis-
charge within the CDF from the dredge site was
approximately 2,800 feet. The PDFT Monitoring
Team consisted of representatives from the
USACE, USEPA, Foster Wheeler, BELLC, ENSR
International, URS, Kevric and CR Environmental.



DrEDGE PrRODUCTION

Dredge production monitoring was performed
over the course of dredge operations in the PDFT
test area. Dredging was performed both with and
without operational controls (reductions in advance
speed and dredge cycle time) to obtain representa-
tive production rates over a range of conditions,
including varying depths, bank thickness, and
chemical and geotechnical conditions. BELLC col-
lected production data using a number of electronic
data collectors for the dredge systems, including
flow meters, production meters, Crane Monitoring
System (CMS), and slurry processing data. Foster
Wheeler and BELLC production engineers record-
ed excavator cycle time, and production delay data
throughout the duration of the tests. Production
monitoring data were summarized daily, and used
as baseline for the following days tests. All produc-
tion monitoring data collected over the course of
the PDFT, was assimilated, checked for quality,
and screened for use in developing production
ranges for the dredge that would be reflective of a
full-scale operation.

The dredge production monitoring program
yielded an average dredge production rate of 80 cy/hr,
based on a 10-hour operating day, including delays.
It is reasonable to assume that improvements in the
areas of debris handling, dredge advance, and over-
all dredge efficiency could be made for the full-
scale project that could bring the average dredge
production rate to 95 cy/hr or greater once the sys-
tem is optimized.

SoLIbs CONCENTRATION OF DREDGE SLURRY

Average sustained solids concentration values
recorded by the SPU system over sustained dredg-
ing periods ranged from 13.3% to 16.3% solids by
weight. These concentrations were achieved in
dredge areas having in situ sediments with average
solids concentrations of 32% to 43% solids by
weight. The solids concentration values attained by
the BELLC dredge were impacted by debris.
Higher solids concentrations would be attainable
with inclusion of a more sophisticated debris sepa-
ration system on a full-scale project.

Of greater significance, however, was the suc-
cessful demonstration of the dredge effiuent water
recirculation system. The recirculation system
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cssentially created a closed loop system, whereby
the only water added to the dredge process was
that entrained in the dredge bucket. This water
addition amounts to on the order of 30% to 40% of
the in situ volume. The water that was recycled
back to the dredge was used as make up water for
the SPU system, as jet water for debris management,
or directed back to the hopper, from the discharge
line, to increase the solids concentration of the
dredge slurry. No water was used from the sea
chest for make up water for hydraulic slurry
transport.

DREDGING ACCURACY

Dredging accuracy will be key to minimizing
the amount of overdredging while still attaining the
target cleanup goals of the project. The test dredge
equipment demonstrated that a mechanical bucket,
operated from an excavator with rigid connections
and a state-of-the-art monitoring and positioning
system could achieve a +/- 4 inch vertical dredging
accuracy based on comparison of the PDFT post-
dredge survey with the target depths. An accuracy
evaluation showed that 95% of the test area was
dredged to within 6 inches of the target depth, and
90% of the test area was dredged to within 4 inches.

ENVIRONMENTAL MONITORING

PCB RemovaL EFFICIENCY

The evaluation of the dredge efficiency at PCB
removal included two components. The primary
goal was to evalunate the dredge’s ability to remove
contaminated sediment to a given depth horizon
relative to the dredging plan. The dredge perform-
ance was highly accurate in this regard.
Comparison of the target dredge volume with the
actual volume dredged yielded an overdredging
value of only 16%, with vertical accuracy of +/- 4
inches relative to achieving the intended horizon.
Comparison on pre- and post-dredging sediment
PCB concentrations revealed that 97% of the PCB
mass was removed over the dredged area.

A secondary objective of the PDFT was to
evaluate this new dredging technology with regard
to site-specific cleanup levels. It should be
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understood that the project goal was not to leave a
final sediment concentration of 10 ppm (as an
average concentration over the upper one foot).
The dredge performed quite well in this regard
also. The average sediment PCB concentration
(upper one foot) was reduced from 857 ppm to 29
ppm over the dredged area. This met the clean up
criteria of 50 ppm for the Lower Harbor and
approached the criteria of 10 ppm for the Upper
Harbor.

WATER QUALITY MONITORING

Water quality monitoring was conducted to
assess material resuspension characteristics at the
point of dredging and downstream of the dredging
operation. The water quality monitoring program
yielded favorable results, demonstrating no major
exceedances beyond compliance boundaries.

AMBIENT AIR SAMPLING

Air sampling was conducted during field test-
ing of the BELLC dredge to assess ambient air
PCB concentrations at the CDF and in the vicinity
of the field test dredge area. Sampling results indi-
cate that dredging activities are not likely to con-
tribute significantly to air concentrations. Exposed
sediment in the CDF, however, is a significant
source of PCBs in air; additional controls may be
required during full-scale dredging activities.

CONCLUSIONS

The PDFT was conducted August 10 - Angust
18, 2000, and yielded dredge performance and
environmental monitoring results that significantly
improved on the prior performance demonstrations
at the Upper Harbor Site. The study results, sum-
marized in the Final Pre-Design Field Test Dredge
Technology Evaluation Report (FWENC, 2001),
will provide the basis upon which the final dredg-
ing and dredged material conveyance plan can be
engineered for the New Bedford Harbor Full Scale
Cleanup.
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ABSTRACT: Each year regulators, scientists, environmentalists, and citizens who
affect the quality of our environment make thousands of decisions. These decisions are
made on the basis of best available information that is complex and includes
assumptions made on varions components, which make the decisions difficult to
evaluate. With this in mind, a new decision-making methodology was developed that
utilizes Geographic Information Systems (GIS) as a way of displaying complicated
information that incorporates expert scientific knowledge, but allows the user to weigh
the importance of each data layer. This methodology was examined using the case study
of locating dredged material disposal sites in Boston Harbor and tested with
stakeholders and decision makers,

This new interactive GIS-based methodelogy has several advantages over conventional
methodologies that include: a user friendly process, use of solid scientific information,
visible and documented assumptions, broadly based, and immediate, repeatable, readily
available results. Because it aids consensus building and fosters an interactive, adaptive
management approach, this methodology has the potential to allow decisions to be
reached in less time, with less cost, and with greater numbers of stakeholders, citizens
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and decision makers satisfied that a good and proper decision was reached.

Key words: GIS, adaptive management, site selection, Boston Harbor, MA

INTRODUCTION

Some of the most pressing challenges in envi-
ronmental management derive from how decisions
are made. The disposal of contaminated sedi-
ments from dredging urban ports and harbors is
especially troublesome and complicated by diffuse
and often contradictory federal and state regula-
tions and by public perception. Additionally, costs
of the project and environmental concerns related
to dredging and disposal may heighten tensions
among project proponents, regulators and the pub-
lic leading to delays in projects or costly solutions
to disposal that are of minimal value to the envi-
ronment. Although the process varies from state

1C0rrespouding author; telephone: 617-252-1741;
fax: 617-252-1615; email: jpederso@mit.edu

to state, most state and federal regulations have a
provision for public input, both formally and
informally as decisions are being made about con-
taminated sediments disposal. These include the
weighty environmental impact reports, pages of
regulations, and tables of details about options that
require time and effort to fully grasp benefits and
limitations. Difficulty in accessing and under-
standing the information, prolongs the process of
decision-making before a project is permitted and
dredging occurs. For example it took 15 years of
assessment and environmental reports to fulfill
state and federal regulations, secure funding, and
receive final permits for the Boston Harbor
Navigation Improvement Project (BHNIP)
(USACOE 1988; USACOE and Massport 1994;
1995; USACOE 1996).
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Responses during public revicw highlighted
several important components that frustrated stake-
holders and are summarized, in part, below:

*  Perceived failure to incorporate public input
early in the process,

s Lack of confidence in a priori decisions that
limit options (e.g. size of area, locations for
siting disposal area),

* Lack of scientific input,

* Inadequate documentation of assumptions,

» Difficulty in integrating new information into
decisions,

»  Failure to reach consensus among stakeholders, and

+ Inability to present materials so that they are
easily assimilated and understood.

The perception that relevant information on
regulations, costs, and environmental or other con-
straints is not presented in a logical and easily
understood fashion will continue to plague large
and complex projects. Often, stakeholders partici-
pate at various stages in the process and may not
be aware of the reasons for reaching consensus on
the preferred alternative. They request revisiting
previous decisions, further delaying the process
and sometimes overturning early consensus-based
decisions. Ideally, the process should communicate
all the relevant information to stakeholders in a
form that allows them to evaluate the options and
assess early decisions throughout the process.

Decision-making is essentially a political
process that is based on interpretations and percep-
tions of the underlying science (de Neufville,
1990). The emergence of geographic information
systems (GIS) provides tools to take complex
information and display it in a visual context. One
can add multiple data layers for comparisons and
calculate aftributes of individual or combinations
of layers, In addition, it is possible to develop a
program to allow users to evaluate the information.
The interactive approach should use (2) scientific
and technical information to establish the data lay-
ers and (b) an interactive component to allow users
to evaluate “what if “scenarios.

Using Boston Harbor as an example, this paper
describes a methodology that uses an interactive
GIS to facilitate the identification of disposal sites
for contaminated dredged materials. This method-
ology has the advantage of providing scientific and
technical information (data layers) developed by
experts and allowing participants to weight the
importance of each data layer.

As part of the BHNIP, contaminated sediments
from the inner harbor were deposited in confined
aquatic disposal (CAD) cells in inner Boston
Harbor. Approximately 1.1 million cubic yards (cy)
of contaminated sediment were dredged from the
main shipping channel and berthing areas and
dumped in the CAD cells. Another 3.4 million cy
of clean parent material {Boston blue clay) and 0.1
million cy of rock were deposited at an open water
site offshore in Massachusetts Bay.

Based on the engineering plans, it was
assumed that the CAD cells for the BHNIP would
be located throughout the entire inner harbor and no
future sites in this area would be available for dispos-
al cells (Massport and USACOE 1995; USACOE,
1996). The remaining portions of the navigation
channel are scheduled to be dredged within the
next few years, but the environmental assessment
process has not yet begun. The purpose of the
interactive GIS approach was to identify and facili-
tate a decision on other potential disposal sites
within greater Boston Harbor for the next dredging
activity. It was assumed that regulations wouid be
as strict or stricter in the future and the decision
that led to CAD cells near the dredging site as the
preferred alternative would drive the process. In
addition, the decision-making methodology should
be based on best available science and allow the
stakeholders (decision-makers, regulators, environ-
mental advocates, and public) to evaluate the
information in an interactive format.

THE CONCEPTUAL FRAMEWORK

The first step in the program is to develop data
layers for identifying suitability of sites for CAD
cells based on environmental regulations, physical,
chemical and biological characteristics and other
parameters that are included in decisions and can
be spatially displayed (Figure 1). As new information
becomes available, data layers can be added or
modified by appropriate experts. The second step is
for the public, stakeholders, and decision makers to
weight, combine and evaluate all of the expert infor-
mation to arrive at a consensus. This allows public
involvement in the decision-making process and is
built on good scientific and technical interpretation
of the data.

Based on the BHNIP Environmental Impact
Report/Statement (USACOE and Massport, 1995),
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Figure 1. Flow chart depiction of how the data layers are created,

twenty-one data layers were identified for ranking
by experts. However, data were available for only
13. Data were generated for bathymetry; nautical
features; currents (d=1 mm); currents (d=0.425 mm);
sediment type; lead contamination; coastal barrier
resource units; eelgrass beds; shellfish; anadro-
mous fish runs; lobster; recreational fishing; and
swimming beaches. Data were not available for
barrier beaches; depth to bedrock; benthos; endan-
gered species; fisheries habitat; marine mammals;
archeological sites; and dive sites. This approach is
general enough that it would be possible to add or
remove more data layers as needed. Thus, data lay-
ers on economic information or regulatory restric-
tions could also be added (e.g. transport cost to dis-
posal site, no dumping areas).

To illustrate how the process works two data
layers will be examined in detail: tidal current flow
and shelifish productivity. For the tidal current
data layer scientists were asked to rank areas on
the basis of suitability for disposal. In this case it is
important that tidal current flow along the bottom
is less than that required to initiate movement of
capping materials, i.e. keeping contaminated sedi-
ments sequestered. Suitable areas are those where
shear stress near the bottom will not transport sand
(as capping material and assumed to have a diame-
ter of greater than 1 mm) away from the site. Three
ranking categories were chosen: (1) highly suitable
were those where the ratio of bottom shear stress to
the critical sheer stress less than 0.8; (2) moderately
suitable were areas where the ratio was between
0.8 and 0.1, and (3) least suitable were areas with
the ratio greater than 0.1. The data were generated
from the M2 tidal cycle in Massachusetts Bay 3-D
Model (R. Signell, 1998, pers. comm. and see
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http://woodshole.er.usgs.gov/project-pages/boston-
harbor/index.html). The data were imported direct-
ly into an ArcView table and a surface grid file was
created using an interpolate surface function with
ArcView Spatial Analyst (ESRI, 1996).

Shellfish (clams and other bivalves) are a valu-
able component of the harbor ecosystem and have
significant commercial value. Regulations protect
productive shellfish areas and prohibit alteration or
destruction (T. Hoopes and D. Roach, pers. comm.,
DMF, 1998). The ranking scheme identified 3 gen-
eral bathymetric arcas (deep, mid-water, and inter-
tidal) and two types of sediment environments
(depositional and erosional). For purposes of this
illustration, the following assumptions were made.
All intertidal areas were considered unsuitable for
disposal sites, as these are highly productive shell-
fish bed areas. All erosional areas are moderately
(to depths of 6 ft) to highly suitable (>15 ft).
Depositional areas were either unsuitable (to
depths of 6 ft) or slightly sunitable (>15 ft). Based
on data from the Division of Marine Fisheries
seven categories were created (T. Hoopes and D.
Roach, pers. comm., 1998), but condensed to four
categories for purposes of this illustration.

Figures 2a and b show the ranked layers for
currents and shellfish, respectively, based on expert
advice as discussed above. These cannot be
changed unless the “experts” revise the data based
on new information. Through the use of a graphical
user interface (GUI) the public, stakeholders and
decision-makers can weight and combine the data
layers to visually inspect what emerges as “suitable
sites” under different scenarios. All of the weighting
controls were preprogrammed and put into simple
dialog boxes using the ArcView dialog Designer
extension. The user sees a slider bar for each data
layer with values of 1 (low importance) to 10 (high
importance). Values of zero are allowed to remove
a data layer from consideration in the analysis. User
input is read by an ArcView Avenue script and,
with appropriate computations, a final suitability
grid is generated using a weighted geometric mean.

Figures 3a-c illustrates how suitable areas
change under difference scenarios. If a higher
weight (8 of 10) is assigned to currents and a lower
weight of 3 is assigned to shellfish, the highly and
moderately highly suitable areas are primarily
those in the deeper basins and intertidal areas
(Figure 3a). If equal weight is given to cwrents
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Figure 2. An example of the ranked layers for (a) currents and (b)
shellfish.

and shellfish beds, then the intertidal areas are less
suitable, but areas offshore are more suitable,
although the picture is more complicated and
reflects the importance of the complex shellfish
bed layer (Figure 3b). If the weights were the
reverse of the first scenario with currents assigned
a weight of 3 and shellfish a value of 8, then the
deeper depositional areas emerge as highly suitable
and most other areas, including the main channels
with highest currents are less suitable (Figure 3c).
Adding additional layers generally has the effect of
fragmenting the study area into smaller regions.
Giving everything a high or low weighting (e.g. all
data layers a ten or a two) will result in all data
iayers being equally considered. It is the relative
weights that are important. It should be noted that
this approach does not accommodate rate processes
or data that change over time.

(©)

Figure 3. This series of figures show change in suitability under
different scenarios. Darkest areas are most suitable.



As a management tool, this approach has several
advantages over conventional methodologies.

* Iiis inherently interactive and user-friendly.
The public and other stakeholders can access
complicated information and manipulate it to
understand the decision-making process,
Many alternative “what if” scenarios can be
examined in a short amount of time,

* Decisions are based on solid scientific and
engineering foundations. The first step of this
methodology is to evaluate information using
expert scientific and engineering knowledge.
How the data layers were defined and who par-
ticipated in the process accompanies the
ranked data, so, the decision is transparent to
the user and available for all who participate at
any stage of the decision-making process.

* The process includes a “universe” of informa-
tion; there is no a priori discarding of sites,
Neither spatial constraints (e.g. size of area)
nor “not in my back yard” (NIMBY) enters
into the ranking process — the data are based
on biological, chemical or physical data pro-
vided by the experts.

This spatially-based approach fosters collabo-
rative consensus building and facilitates a dialog
between the various stakeholders. Decision-makers
have the opportunity to examine consequences
based on decisions and have a basis for responding
to vague notions of what should or could happen.
Unlike revisions to environmental reports that may
take from several months to a year or more to
respond to public input (USACOE and Massport
1994; 1995}, the results are immediately available,
repeatable and can be revised on the basis of new
information. As spatial data become more avail-
able and computing power becomes faster and
more powerful, it is possible to generate informa-
tion immediately at the desktop computer. If new
information is available, it can be added quickly as
a new or revised data layer and analyses run again.
The public becomes an active participant through
the interactive component and can review out-
comes with different weighting choices. Those
empowered with making decisions may have
access to recorded responses and use these to eval-
uate the public sentiment of different options. As
new software is developed to make GIS more
accessible to the general user, data can be made
accessible through the web and responses recorded
as public comments.

INTERACTIVE GIS ASSISTS DECISIONS 161

CONCLUSIONS

This interactive GIS methodology is a visual
tool that allows the user to quickly view and under-
stand the underlying assumptions that any decision
is based upon. It aids consensus building and fos-
ters an interactive, adaptive management approach
with the potential for reaching decisions in less
time, with less cost, and with greater numbers of
participants. Although this example focuses on
dredged material disposal siting, the approach can
be used to address other complicated decisions that
incorporate use of scientific and technical data in
an inherently political decision making process.
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Crust Management Benefits Provide Higher Placement Capacity
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ABSTRACT: Hart-Miller Island (HMI) Dredged Material Containment Facility
(DMCF) is operated to contain dredged material from the Port of Baltimore and its
Chesapeake Bay approach channels. The facility operates under two primary missions:
to safely contain hydraulically placed dredged material ensuring quality effluent is
released to the receiving waters and to use crust management practices to maximize
storage volume. The island also provides numerous social benefits to the surrounding
communities.

Hart-Miller Island operates on a two-season approach. Dredged material is placed on
the island within the North Cell containment area, typically between October and
March and active dewatering of the dredged material occurs from April through
September. These seasons are commonly termed inflow and crust management,

respectively.

Crust Management is that portion of operation at HMI in which the maximum effort is
made to dewater and consolidate the dredged material. Numerous methods are
undertaken to create drainage paths for the dewatering of the material. The
management plan is broken into three parts. Phase I, soon after the sedimentation
pond is dewatered, a pontoon long-reach excavator begins tracking through the cell to
create drainage depressions in the freshly placed dredged material. And a perimeter
drainage ditch is dug to get effluent to the spillway sumps. Phase II, once a crust is
formed, low ground pressure equipment is utilized to form drainage paths for water to
exit the cell. And Phase III, immediately before inflow begins again, all sumps and
perimeter trenches are backfilled with dried material to facilitate easier excavation the
following year. At HMI, this cycle has been utilized since 1993.

Key words: trenching, water content, sump, bench, spillway, Chesapeake Bay, MD

INTRODUCTION Hart-Miller Island operates on a two-season

The Hart-Miller Island (HMI) Dredged approach. Dredged material is placed on the
Material Containment Facility (DMCE) is operated ~ 51and within the North Cell containment area
to provide storage capacity for material dredged between October afnd March. Active d-cwatenng of
from the Port of Baltimore and its Chesapeake Bay tshe dre(;ged'lr;lla terial occurs from Apn]:ltthgzd
approach channels. The facility has two primary ilff!l) tem e;. CSC Scasons are commor ylterm
missions: to safely contain dredged material ensur- Ow and crust management, respectively.
ing quality effluent is released to the receiving
waters and 1o use crust management practices to FaciLITY DESCRIPTION

maximize storage capacity.
maximize storage capacity The Hart-Miller Island DMCF is situated in the

i . .
f@f;f&l;‘él%%oﬂ?thm fflePhOﬂeg*OlgS&Owo: upper Chesapeake Bay approximately fourteen
o ~0001; email: wikark@wwbgec.corn miles due east of the Baltimore Harbor. Hart-Miller



Island was once two separate islands, Hart Island
and Miller Island. These two islands, along with
another island, called Pleasure Island, were part of
a chain that extended in a northeasterly direction
from the end of the Patapsco River Neck.
Geological data indicates that these three islands
were once connected to each other and to the main-
land. These islands had been eroding at an ever
increasing rate each year due to shoreline erosion.
A dike now connects Hart Island and Miller Island.

Dike construction for the Hart-Miller Island
DMCEF began in September, 1981, and was com-
pleted in 1984 and lies at an elevation of +18 feet
above mean low low water (MLLW). This dike
was constructed with on-site sand deposits, con-
necting Hart Island with Miller Island. It extends
nearly six miles, encloses approximately 1,140
acres, and was originally designed to hold 50 mil-
lion cubic yards (mcy) of dredged material. The
dike was constructed in an ovular shape in order to
maximize containment volume while minimizing
dike volume. It was also engineered to withstand
all probable physical forces imposed by the ele-
ments, while maintaining an economy of material
incorporated into the dike (Hamons, 1988).

A cross-dike constructed in 1983 separates the
facility into two separate sub-containment cells; the
South Cell and the North Cell. The South Cell
encompasses roughly 300 acres while the North
Cell covers roughly 800 acres. A second tier dike
was constructed adjacent to the interior of the first
perimeter dike in 1988 to increase the capacity of
the facility to a total of 69 mcy of internal volume.
The second tier dike was constructed from +18 to
+28 feet MLLW using sand dredged from the
Craighill Angle and Upper Range Channels during
the Port of Baltimore 50-Foot Deepening Project.

A third tier dike was added to the North Cell in
1996 raising the elevation to +44 feet MLLW and
increasing its capacity by 30 million cubic yards.
This dike was constructed with sand removed from
the +28 ft. to +10 ft. section of the closed South
Cell dike (Hamons et al., 1997). Also, a perimeter
bench has been constructed within the North Cell
dike to facilitate equipment maneuvering during
crust management. This bench is constructed of
reclaimed dried dredged material and is raised
seasonally to exceed the anticipated final elevation
of the subseguent inflow season.
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Dredged material inflow began at the Hart-
Miller Island DMCF in 1984. As of June, 2000 the
North Cell had received 62 mcy of dredged materi-
al and will continue to receive additional material
annually until the end of the project. South Cell
inflow was completed in 1990. It is filled with
16.1 mcy of material and no longer accepts
dredged material.

The Hart-Miller Island DMCF is designed to
accommodate the hydraulic unloading of dredged
material brought to the facility in scows. In this
manner, several inflow points are utilized along the
cross-dike to distribute the material throughout the
North Cell. The facility receives between 2.5 and
4.0 million cubic yards annually, forming a 2.0 to
5.0 ft. lift of dewatered material in the North Cell.

CRUST MANAGEMENT PLAN

Crust management plays an important role in
effective utilization of placement capacity at the
Hart-Miller Island Containment Facility, since the
material comes to the placement cell in a slurry.
The demand for maintenance dredging combined
with the limited placement capacity of HMI led to
the development and implementation of a crust
management plan to maximize placement capacity
for dredged sediments. The objective of the crust
management season is to regain the maximum
amount of volume occupied by water introduced
by both hydraulic placement and precipitation.
Post-inflow material conditions present a particu-
larly challenging dewatering situation due to the
physical properties of dredged sediments and the
amount of water introduced during hydraulic
placement.

Annual crust management has been practiced
at HMI since 1991. Each season has had varied
levels of success. The techniques presented here
refiect lessons learned while applying many of the
techniques developed at the U.S. Army Corps of
Engineers, Charleston and Mobile Districts (U.S.
Army Corps of Engineers, 1995). Some additional
techniques have been tested to try new equipment
or alternative crust management methods in order
to better refine the plan for subsequent years.
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SEDIMENT CHARACTERISTICS

The dredged sediments deposited on Hart-
Miller Island come from the 100 miles of shipping
channels into the Port of Baltimore that are main-
tained by annual dredging. These sediments are
primarily fine-grained erosional deposits, classified
as elastic silt with a specific gravity ranging from
2.63 to 2.67. With a unit density of 80 to 90 g/l,
the slurry is approximately 20% solids by volume,

Material property analysis shows that the void
ratio typically decreases by about 75% throughout
the crust management season. The water content
change represents a 35% to 85% decrease during
crust management. Dredged material placement
techniques used during the inflow season, create an
unequal distribution of inflow material throughout
the North Cell, limiting crust management efforts.
Many variables including water content of slurry,
inflow station, existing physical conditions of the
north cell, pond size, discharge operations and
weather conditions, all play a significant role in
hydraulic placement and the distribution of inflow
material throughout the North Cell. It is the goal
of HMI operations to create an equal distribution
of inflow over the 750 acres of the North Cell to
maximize subsequent crust management efforts.
This is accomplished by utilizing several key oper-
ational tools including: alternating inflow stations,
alternating between or simultaneous use of spill-
ways, and adjusting the pond size.

CRUST MANAGEMENT OPERATIONS

The crust management plan consists of three
phases. During the initial phase, the site is aggres-
sively dewatered through the establishment of
spiliway sumps, shallow depressions and a perime-
ter trench. Once the material has dried and a crust
has begun to form, Phase II is implemented and the
interior trenching effort is maximized thronghout
the entire cell. Phase II coincides with the warm,
dry weather of summer to provide the best drying
conditions. To properly prepare for the next inflow
season, Phase III provides a transition period,
which includes filling in the perimeter trench and
sumps while continuing maximization of capacity
by reclaiming crust material. Since activities are
influenced by the timing of the inflow and the
weather, all durations and start and end dates are
approximate.

Phase I begins immediately following the com-
pletion of the federal maintenance dredging project
inflow and lasts approximately from April 1st to
May 30th. During this phase, the cell is aggres-
sively worked to facilitate the drainage of water,
utilizing a number of methods. Sumps are created
at the spillways to allow solids to precipitate from
the discharge waters and to allow the flow of water
to access the lowest point of discharge. Sand
material placed in the sumps at the conclusion of
the previous crust management operations facilitate
the recreation of the sumps. These sumps act as
small sedimentation basins for the discharge effluent.

A perimeter trench is established around the
entire cell utilizing a long-reach excavator and two
conventional excavators. The perimeter trench is
the primary drainage path to each of the spillways.
Excavated material along the perimeter trench is
side cast to dry and later spread and compacted
using two low ground pressure bulldozers to widen
and raise the working bench. As conditions permit,
the perimeter trench is established along the
perimeter bench. At the onset of crust manage-
ment the material will only be able to support a
small swale, but as the material solidifies, the
perimeter trench area will gradually strengthen and
allow deeper excavation. The trench will eventually
be enlarged and migrate inward as additional pass-
es with excavators continues. The perimeter trench
is established in areas that will not compromise
flow to each of the spillways. An amphibious
long-reach excavator is utilized to create shallow
depressions by walking in the interior of the north
cell facilitating the flow of trapped water to the
perimeter trench.

As a result of being able to remove surface
water early in Phase I, cell conditions improve,
expediting the transition into Phase II. During the
carly stages of the crust management season, an
amphibious (pontoon) excavator is the only single
piece of equipment at HMI that can effectively tra-
verse the cell surface while leaving depressions in
the slurry-like dredged material. Trenches are
established at approximately 200 feet on-center at a
45-degree angle from the perimeter dike. This her-
ringbone-pattern system continues from the cross
dike down cell toward the spillway structures.

The interior trenching effort during this phase
is limited due to material conditions in the cell.
Almost all of the interior trenching effort during



this phase is focused in the area near the cross dike
where material conditions will allow formation of
trenches. A pontoon trencher is used to establish
the interior trenches. This very low ground pres-
sure tractor tows a rotary ditching device that cuts
a 12 - 18 in. trench in the material. These trenches
quickly fill with pore water that is carried off to the
perimeter, and the side cast cuttings dry on the sur-
face nearby.

During Phase II, the primary focus is on interior
trenching, which accelerates rain water run-off and
drying of the material through the removal of
trapped water. The expected duration varies based
on the anticipated start date of the subsequent
inflow season. Generally, Phase 11 runs from June
1 to September 15. Some overlapping of Phase I
and Phase II does occur, specifically, the perimeter
trench is widened and deepened with additional
passes by excavators. Areas of soft material may
slough into the trench, requiring additional excava-
tion. All sediment excavated from the perimeter
trench is placed along the bench and interior slope
of the perimeter dike. Once the material has suffi-
ciently dried, it is compacted in lifts for bench
building.

An amphibious long-reach excavator continues
to create depression by walking across the interior
of the North Cell at 45 degree angles to the
perimeter dike. The wide, shallow depressions are
important in Phase II for two reasons. First, the
depressions draw in and expose surface water to
evaporation and second, the weight of the excava-
tor assists in compacting the material by approxi-
mately 0.5 feet.

H time permits before the subsequent Federal
Maintenance Dredging inflow project begins again,
interior trenches are created on a herringbone pat-
tern within the cell. After allowing a thin crust to
develop over the surface of the cell, interior trench-
ing can begin. The amphibious trencher will begin
trenching as conditions allow near the cross dike,
then work to the north. The primary purpose of
these interior trenches is to allow rainwater
drainage and to accelerate the drying process.
Trenches are established 200 feet on-center at a 45-
degree angle from the perimeter dike. This system
parallels the depressions previously created by the
amphibious excavator. If the trenching system
cannot be executed in certain areas, then trenches
are established at shorter intervals in areas that can
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support trenches. Areas with trapped surface water

will be trenched first in order to drain water off the

surface and enhance the drying process. A second
aluminum pontoon trencher has been procured to
perform trenching as more of the cell material has
the ability to hold a trench. Favorable weather
conditions towards the end of Phase IT will allow
trenches to be established up to every 50 feet to
accelerate drying and desiccation of the dredged
material.

During the dry summer months an amphibious
long-reach excavator, long reach excavator, and
low ground pressure bulldozers are utilized to
scrape crust material along the perimeter of the
North Cell to reconfigure and enlarge the operating
bench. In recent seasons, up to 250,000 cubic
yards of material has been winrowed, moved to the
bench area, and either spread for bench building or
used for trench backfilling in Phase II1. This
scraping has a secondary benefit in that it allows
atmospheric drying to penetrate deeper into the
dredged material within the cell. All of the various
crust management techniques regularly implemented
at the Hart-Miller Island DMCF are shown in the
Applied Crust Management Techniques.

Some experimental methods have also been
attempted recently to expedite drying and consoli-
dation of the dredged material to increase volume.
*  Sourgum and barley were planted at various

arcas throughout the North Cell dredged

material. This was initiated to improve evapo-
transpiration by vegetative uptake (Mieghem et
al., 1997). Although no significant decrease in
elevation was detected by survey methods, the
barley planted later in the season grew very
well.

* A sheepsfoot roller was utilized to compact
those areas of the cell where crust scraping had
exposed and somewhat loosened underlayers.
The system included an 8-foot wide sheepsfoot
roller towed by a rubber-tired amphibious trac-
tor. Due to rate of travel and area covered the
technique proved too costly to be very effcient.
Phase III lasts 15 to 30 days immediately prior

to the start of inflow operations. To take full

advantage of the crust management effort, the site
should be properly prepared for the next dredging
season while continuing crust reclamation to maxi-
mize available interior volume. By preparing the
site suitably, the time required to begin trenching
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and working the material during the subsequent
crust management season is reduced significantly.

The perimeter trench is filled in to an elevation
that is even with the interior of the cell. Material
scraped from the inside of the cell is used to par-
tially fill in the perimeter trench, which will remain
until the end of this phase to allow rain water run-
off. A low ground pressure dozer that is capable of
moving onto the crust of the cell and scraping off
the material and the amphibious long-reach exca-
vator may be used to fill in the perimeter trench.
The perimeter bench that was built up during Phase
IT is graded and used for the next years crust man-
agement season.

Interior trenching efforts will continue as long
as a gain to dewatering and consolidation are
achieved. With only 2 to 3 weeks left before
inflow, typically the additional trenches do not add
to the consolidation of the material, although they
do prove beneficial if heavy rains occur. Sumps
created at the spillways in Phase I are filled in
using sand material recovered from areas along the
cross-dike. Sand material placed in the sumps dur-
ing this phase will facilitate the re-creation of
sumps the following year.

These three phases are undertaken annually
with up to 12 staff and 10 pieces of equipment.
There have been anomalous years where longer or
shorter crust management seasons are required. An
annual crust management review performed by
Hart-Miller Island staff members documents the
resources expended in performing the work in con-
trast to the elevation decrease of the cell shown
through bi-monthly topographic surveys and geo-
technical analyses.

SUMMARY

The high demand for placement capacity at
Hart-Miller led to the development and implemen-
tation of a crust management plan to maximize
placement capacity for dredged sediments. The
primary goal of the crust management season is to
regain the maximum amount of volume occupied
by water introduced by both hydraulic placement
and precipitation. The crust management season
may face many obstacles and adverse conditions
which may limit the annual measure of success.
Some of these conditions include:

* The total lift depth of inflow placed during the
inflow season,

» Uneven distribution of dredged material placed
during the inflow season,

* The weather, which may be the single greatest
factor to a successful program.

The crust management seasonal review confirms

the importance of the following factors in achiev-

ing successful seasonal crust management.

* Implementation of an aggressive crust manage-
ment plan,

+ Limited inflow quantities and times,

*  Use of experimental crust management
techniques,

= Favorable weather conditions, and

« Extended crust management window.

The use of a formulated plan to manage the
dredged material once deposited within HMI-
DMCEF, achieves the greatest volume reduction and
maximizes the storage capacity. In this manner,
the large quantities of make-up water introduced
from the hydraulic unloading process along with
seasonal rain events can be quickly and efficiently
decanted to allow optimum drying. New and inno-
vative techniques are continually being considered,
attempted, and where practicable, implemented to
improve the process. At the Hart-Miller Island
DMCF, crust management operations promote the
desiccation and consolidation of fine-grained
dredged material in the shortest time period possi-
ble. In any given year, up to 70% of the inflow
volume may be removed in effluent discharge,
evaporation, and consolidation of underlying lay-
ers. Optimization of limited storage capacity at the
HMI-DMCEF through successful crust management
efforts increases available storage capacity, conse-
quently maximizing the Maryland Port
Administration’s {MPA) investment in the facility
while reducing the burden on other dredged materi-
al placement sites within the Chesapeake Bay.
Benefits from efficient utilization of Hart-Miller
Island, Dredged Material Containment Facility
extend from the MPA and the Port of Baltimore to
all citizens of Maryland and patrons of the
Chesapeake Bay.
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Claremont Channel Deepening: A Public Private Partnership Success Story
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ABSTRACT: The Claremont Channel Deepening project is a partnership between the
State of New Jersey, the City of Jersey City, Hugo Neu Schnitzer East (HNSE),
Consolidated Technologies Inc. (CTI) and Liberty National Development Corporation.
The existing Claremont Channel is of insufficient depth and width to support operations
safely. Although the Claremont Channel is State ownied, the funds allocated for the
maintenance were expended on another dredging project, the Port Jersey Project,
which exceeded the budgeted amount. Hart Crowser, Inc. was instrumental in forming
a public private partnership to provide funding. The project encompasses:

*  major site improvements in the Hugo Neu Schnitzer East metal scrap processing
facility on the Claremont Channel in Jersey City, NJ;

* the dredging of 1.25 million cubic yards from the Channel to increase the
depth from the current 26 feet to 32 feet (plus 2 ft overdredge);

¢ the construction of a multi-project dredged material processing facility to
serve NY-NJ Harbor;

* the use of an innovative mixture of dredged material with PROPAT®, a recycled
product manufactured by HNSE, for the bulk fill and grading of a new golf
course at Port Liberte, a residential development adjacent to the Channel;

¢ the use of amended dredged material for capping and grading additional acres
of the golf course;

¢ filling portions of an abandoned mine in Pennsylvania with amended dredged
material;

¢ the use of dredged material to construct an intertidal habitat at the head of the
channel; and

* disposal at the Newark Bay Confined Disposal Facility.

The estimated cost of this project is approximately $52 million. Hugo Neu Schnitzer
East’s contribution will be $30.5 million, or 60% of the total cost. Dredging and
beneficial use have an estimated cost of approximately $40 million or $32 per cubic
yard. It is proposed that the State of New Jersey provide the balance in a combination
of funds and access to other disposal options, such as the CDF in Newark Bay.

Key words: sediment processing, CDF, capping, beneficial use, Newark Bay, NJ

BACKGROUND 26 ft in depth with shoals of lesser depth. Currently,

The Claremont Channel is owned by the State vessels must back down the channel and into the
of New Jersey. The channel is 10,000 ft long and scrap-loading berth. This is a safety concern to the

200 ft wide without a turning basin and averages pilots and shippers. The limited depth also requires
expensive “topping off” at a second facility.
—_— The upgrading of the Claremont Channel for
ff;;%ﬁgggl 23";‘;;;3?"}2};‘;’;‘; 3&153)19;92; improved traffic through dredging is critical to the
’ ’ future financial viability of HNSE and the preser-

2 . s - : . . . :
Current address: Henningson Environmental Services, vation of 125 direct jobs and over 4,000 jobs
77 Chimney Corner Circle, Guilford, CT 06437



indirectly related to this business, such as vendor
services, parts suppliers and professional services.

The trend among overseas customers is
towards the use of vessels drawing between 35 and
45 feet of water. The current nominal depth of the
channel is 28 ft at low water; many areas have a
shallower depth due to silt. This lack of water
access is not only a hindrance to HNSE, but also a
real impediment to developing a multi-user facility.

Efforts to federalize the Channel have been
thwarted by the contaminated nature of the sedi-
ment and closure of the Mud Dump open water
disposal facility for NY Harbor to all but Class I
(clean) material as a cap. In order for the project to
proceed innovative measures to dispose or use the
material beneficially were required. This is being
accomplished through several demonstration proj-
ects funded in part by the State of New Jersey.

Further, safe access to the terminal requires a
wider and deeper channel. The required dredged
prism would result in an improved channel 200-
300 ft wide and 34 ft deep, and add a turning basin
at the midpoint. This basin is needed to improve
safety by allowing ships to turn before loading, and
to exit the channel moving forward. The volume of
material to be dredged would be approximately
1.25 million cy. The cost of dredging is estimated
at $5 million,

State transportation funds allocated to deepen
and widen the channel were expended on another
dredging project, the Port Jersey Project, which
exceeded the budgeted amount. Hart Crowser, Inc.
was instrumental in forming a public private part-
nership to provide funding. The project is currently
underway, with the processing facility treating sed-
iment, which is being shipped to close abandoned
mines in Pennsylvania (Hugo Neu Schnitzer Inc.
1999).

DREDGING ACTIVITIES

Dredging will occur within allowable dredging
windows of June 1 to January 1 in 2000 and 2001.
An environmental bucket dredge will do dredging.
The dredged material will be placed in barges and
unloaded and/or treated at the onshore processing
facility. A key consideration will be the screening
of scrap metal and other debris.
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SEDIMENT PROCESSING FACILITY

Consolidated Technologies, Inc. (CTI), a sub-
sidiary of US Plastic Lumber, has completed con-
struction and startup testing of a 4,000 cy per day
facility to process dredged material from the
Harbor. The facility is currently processing material
from Reaches C and D of the Port Newark Channel
in Newark Bay. This project has a high priority in
the harbor which serves as a major international
container ship facility.

The CTI processing facility is designed to be
flexible enough to address sediment types and con-
taminant levels from multiple dredging sites and
process material for different upland beneficial
uses including capping brownfields and abandoned
mines. The facility consists of the following
components,
¢  Unloading facility,

+  Screening / receiving hopper,

* Automated weighing conveyor belt,

* Side stream conveyor for PROPAT® or other
soil like additives,

* Additive hoppers and pugmill,

*  Stack loader,

* Automated control center.

The process screens out metal and debris down
to a 2 in size. Raking will remove most of the very
large debris before manual unloading. Further, care
will be taken during manual unloading of the barge
to leave behind any remaining very large debris.
The feed hopper and conveyor belts are automated
to allow weighing of raw sediment material and
calculation of appropriate amounts of additives
from side conveyors and hoppers for the intended
use. The facility is located adjacent to an active rail
spur and the NJ Turnpike, facilitating intermodal
transfer of finished materials.

DiSPOSAL / BENEFICIAL USE

The dredged material will be used in several
different ways.
» PROPAT® Demonstration
+ Brownfield Capping
* Pennsylvania Mine Capping Demonstration
* Intertidal Habitat Creation
* Newark Bay Confined Disposal Facility
These are described in the sections that follow.
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PROPAT® DEMONSTRATION
Approximately 150,000 cy of dredged material
will be mixed with PROPAT® as a demon-stration

project. PROPAT® is a trademarked product man-
ufactured by Hugo Neu Schnitzer East from recy-

cled non-metallic interior materials from automo-

biles. PROPAT® has been approved as alternative
daily landfill cover in several states and was
approved in New Jersey as a cushioning material
above a landfill liner in Pennsauken. Given its

soil-like properties, PROPAT® will serve as an
effective dehydrating agent for the dredged materi-
al, which has an in-situ water content of 60-70%.

PROPAT®’s fiber content will also improve the
strength of the admixture which will include lime
kiln dust, fly ash and other pozzolanic materials.

PROPAT®s suitability for the proposed use as
an additive, its field practicality and its cost effec-
tiveness are being demonstrated in order to obtain
a long term Acceptable Use Determination from
the New Jersey Department of Environmental
Protection. A demonstration program funded by to
the New Jersey Department of Transportation,
Maritime Resources consisting of bench scale, and
pilot scale tests has been completed. A full-scale
demonstration of 100-150,000 cy is scheduled for
2000 (Hart Crowser, Inc. 2000a).

The physical and chemical properties of the

PROPAT®/dredged material mixture have been

obtained through bench-scale laboratory tests and

pilot tests. Testing methods included:

»  Compaction (one point proctor) (ASTM D
1557),

» Compression (ASTM D 2850),

¢ Permeability (ASTM D 5084),

« Specific gravity (ASTM D 854),

»  Leachability (MEP EPA 1320 as modified by

NIDEP and ANSI 16.1.

The bench scale testing has indicated that the

material would meet the following criteria:

+ Compressive strength > 2,000 pounds per
square foot,

¢ Bulk density > 85 pounds per cubic foot,

* Non-leaching above NJDEP GWQS.

In addition, a demonstration of the conditioned
material’s capabilities in the field has been accom-
plished through a 400 cy pilot-scale demonstration,
utilizing full-size processing and earth-moving

equipment. The processed material was disked,
rolled and compacted using standard construction
equipment. After curing, the material was tested in
the lab by using plug samples collected from the
test cell. Initial resuits indicate that the material
met requirements for strength, permeability and
field applicability (Hart Crowser, Inc. 2000b).

The final, full-scale demonstration has been
designed and will be implemented based on the
results of the pilot tests. It is envisioned that its
implementation would involve the following:
extracting the dredged material; processing it with
PROPAT®; trucking it to Port Liberte; and placing
in bulk as fill/grading material. The estimated cost
of using the dredged material to cap contaminated
soil areas and develop a golf course is $18 million
($30 per cy) for processing the dredged material,
including capping and grading. Of this total cost,
$5 million would be associated with the PROPAT®
demonstration.

BROWNFIELD CAPPING

The proposed use for the bulk of the dredged
material (600,000 cy) will be as capping and grad-
ing material for a golf course at the nearby 100+
acre Port Liberte site, immediately to the north of
Claremont Channel. The majority of the site, for-
merly known as US Department of Defense Supply
Depot One, functioned as a petroleum storage
facility. The remainder of the site consists of com-
mercial and industrial uses and a former paint man-
ufacturing facility to be remediated. The site is
being redeveloped as a mixed residential and golf
course use by Liberty National Development
Corporation.

The developer’s Remedial Action Work Plan
requires capping contaminated soil areas with a
low permeability cover to reduce infiltration. A
golf course would then be built on top. The New
Jersey Department of Commerce, Maritime
Resources, has suggested using the dredged materi-
als from the Claremont Channel as cover for the
golf course. The dredged material would be used
for two different purposes: to cap contaminated
areas and as fill for grading. Both uses will require
processing the material to reduce the free water
content, to stabilize contaminants, and to obtain a
density appropriate to the use. Some of the material



will be mixed with additives routinely used to
amend dredged materials for upland placement. By
adjusting the mixture, the dredged material can be
made suitable for use as capping material or simply
be used as fill for grading.

PENNSYLVANIA MINE CAPPING DEMONSTRATION

Consolidated Technologies, Inc. (CTT) is
undertaking a 500,000 cubic yard beneficial use
project to demonstrate the use of dredged material
for reclamation of abandoned mines for the
Commonwealth of Pennsylvania. Pennsylvania is
confronted with severe environmental problems
related to over 250,000 acres of unreclaimed mine
lands. Acid mine drainage and fall hazards from
exposed highwalls are among the many concems.

CTI will take 150,000 cy of the material from
the Claremont Channel as part of their beneficial
use project at a cost of $6.75 million or $45 per cy.
This cost should be substantially reduced in full-
scale reclamation because of economy of scale and
offsets from closure reimbursement funds. The sed-
iment will be processed at the Hugo Neu site using
proprietary techniques developed by CTI for creating
manufactured structural fill for remediation and
reclamation of abandoned strip mines. It will then
be shipped to the demonstration site in western
Pennsylvania via rail and placed in the mine
(O’Donnell and Henningson 1999).

INTERTIDAL HABITAT CREATION

The proposed creation of an intertidal habitat
will be the final step in the program. Permitting
such an in-water use will take more time than the
other beneficial use activities. It is proposed that
100,000 cy of the dredged material can be placed
in a proposed intertidal habitat that will extend the
existing shoreline at the West end of the Claremont
Channel. This area is a gently sloping beach com-
posed of silty sand and of high water marshes with
spartina and phragmites flanking a storm drainage
ditch. The adjacent upland is shrub growth consist-
ing of pioneer tree species. The area is currently
used by a variety of waterfowl and shorebirds.

It is reported that nearby benthic habitat is
poor, due to the organic and pathogen content of
periodic sanitary discharges from the 54 in Richard
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Street combined sewer cutfall (CSO). CSO dis-
charges are made into very shallow water, due to
the location of its invert elevation above mean low
water, and also include unsightly and unsanitary
floatable matter.

The proposed intertidal habitat will be filled
with the dredged material to mean low water level
(MLW), and will be capped with 2-3 feet of site
sand, clean fill, or stabilized material. The inter-
tidal habitat will be contained by a natural berm,
preferable to a bulkhead for esthetic and habitat
reasons. The berm’s face will be stabilized with
concrete rubble riprap, recycled from the replace-
ment of an existing pier on the HNSE site. This
artificial reef will provide cover for young fish and
benthic food chain organisms.

The proposed design includes extending the
Richard Street CSO to a deeper part of the channel
to improve mixing, dilution and flushing of dis-
charges. The City of Jersey City plans to construct
a structure to contain floatables under a separate
program. The cost of this habitat improvement is
estimated at $4.5 million, ($30 per cy) including
CSO upgrades.

NEWARK Bay CONFINED DiSPOSAL FACILITY

The balance of the dredged material, 150,000 cy,
will be placed in the subaqueous Newark Bay
Confined Disposal Facility (NBCDF) at a cost of
$4.5 million ($30 per cy). This 26-acre, 70 ft deep
facility was built as a disposal site for dredged
material from the New York/New Jersey Harbor
that is not suitable for ocean disposal. The material
from Claremont Channel will be part of the 1.5
million cy of harbor sediments that the facility is
designed to hold.

Material from the Claremont channel will be
taken to the NBCDF in scows. At the facility, the
dredged material will be placed via bottom dump-
ing or lowering a closed environmental bucket
through the water. Once the NBCDF has been
filled to design capacity, it will be capped with
three feet of clean sand.

SUMMARY

The Claremont Channel improvement project
is a successful example of how a public- private
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partnership may address the increased challenges
of managing contaminated navigation dredge mate-
rial. Several new management techniques resulting
in beneficial use are being demonstrated. The costs
($32 per cy) are competitive with other projects
requiring the upland or confined disposal of
dredged material and less than previous projects in
NY Harbor.
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ABSTRACT: Heavy metals are a prevalent and tenacious contaminant in many
sediments and dredged materials, In a laboratory scale project, three heavy metal-
contaminated sediments from Providence Harbor, Rhode Island, Newtown Creek, New
York, and Cocheco River, New Hampshire, were treated with 10% phosphate and lime.
The source of phosphate is an apatite mineral mined in Florida. Results of the
treatment were analyzed using pH-dependent leaching experiments and X-ray powder
diffraction analysis. The treatment successfully reduced the solubilities of lead by 79%,
cadmium by 59%, and zinc by 50%. Spectroscopic analysis indicated the presence of
several apatite minerals that had incorporated heavy metals into their structures. The
use of phosphate is shown to be an effective technology for reducing the solubility of
heavy metals in contaminated sediments through the formation of insoluble metal
phosphate minerals. The uvse of a reactive barrier made from phosphate minerals to
inhibit heavy metal diffusion from dredged sediment disposal facilities was also
explored. Metal precipitation in the reactive barrier reduced the effective diffusivity of
heavy metals by over one order of magnitude.

Key words: phosphate, contaminated sediments, lead, cadmium, zinc, stabilization, leaching
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INTRODUCTION

The use of phosphate to stabilize heavy met-
als has been in common practice for decades in
the terrestrial environment. Municipal solid waste
incinerators have used them to stabilize heavy
metals in both their fly ash and bottom ash waste
streams (Crannell et al. 2000; Eighmy et al.,
1998; Eighmy et al., 1997). Phosphates have also
been used to remediate heavy metals in contami-
nated soils and mine tailings (Ma ef al., 1999; Ma
et al., 1997; Laperche, 1997). However, the

lCm'n::spom:ling anthor; telephone: 603-862-0538;
fax: 603-862-2364; email: bradley.crannell @unh.edu

application of phosphate stabilization to the aquat-
ic environment is relatively new.

The mechanism through which heavy metals
are stabilized is primarily by the formation of
highly insoluble metal-apatite minerals. Apatite
minerals foliow the basic formula of M (PO,), X,
where M represents a divalent cation (e.g., Ca, Pb,
Cd, Cu, Zn) and X represents an anion (e.g., CL, F,
OH). The nature of apatite minerals makes it possible
to have more than one cation or anion substituted
into the structure, forming solids-solutions. A simple
comparison of the solubility products for chloro-
pyromorphite (Pb(PO,);0H; -log KSp =84.4)to
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cerrusite (PbCO;; -log KSp = 13.13) indicates the
large reductions in heavy metal solubility that are
possible (Allison 1990). Further details on this can
be found in Crannell et al. (2000) and Eighmy et
al. (1997).

Reactive barriers are capping materials that
actively precipitate contaminants as they diffuse
from contaminated sediment, rather than passively
slowing the migration. The use of insoluble phos-
phates as a reactive barrier offers the possibility of
reducing the amount of phosphate required to sta-
bilize heavy metals in sediment. The effectiveness
of a phosphate barrier depends on its ability to
immobilize heavy metals from the pore solution
onto the surface of the insoluble phosphate by
adsorption and surface precipitation. Continuous
diffusion and subsequent precipitation within the
reactive barrier also fills in the pore spaces around
the phosphate materials, reducing permeability, and
further inhibiting diffusion.

The primary goal of this research is to aid in
the transfer of a proven treatment technology from
terrestrial to contaminated sediment systems. This
could provide another chemical stabilization tech-
nique that may be used alone, or in conjunction
with, other remediation efforts to provide a tool for
safely and permanently disposing of heavy metal-
contaminated sediments. The specific goals of the
research are to; optimize a phosphate stabilization
treatment procedure, determine the chemical mech-
anisms by which phosphate stabilization takes
place, and explore the use of insoluble phosphates
as a reactive barrier to inhibit the diffusion of
heavy metals in sediment containment structures.

MATERIALS AND METHODS

Three contaminated sediments were selected
for the experiments because of their high heavy
metals concentrations. These were taken from the
Newtown Creek, in New York City, New York, the
Providence Harbor, in Providence, Rhode Island,
and the Cocheco River in Dover, New Hampshire.
Lead concentrations in these sediments ranged
from 636 ppm in the Newtown Creek sediment to
106 ppm in the Cocheco River. Elevated metal con-
centrations also existed for Zn, Cu, Cr, Cu, and Ni.

Treatment optimization took place using a par-
tial factorial design to determine optimal phosphate

source, phosphate concentration, and treatment pH.
Sources for phosphate included apatite minerals
from Florida and Idaho as well as 60% phosphoric
acid (HyPO,). X-ray powder diffraction (XRPD)
analysis of these materials indicated the primary
phosphate mineral to be Ca(PO,);F in both of the
solids. Elemental analysis of the phosphate
sources was conducted using neutron activation
analysis (NAA) and x-ray fluorescence (XRF); it
indicated the Florida sample contained higher
phosphate concentrations and lower trace contami-
nant concentrations and was therefore a preferable
phosphate source.

The optimized treatment formulation deter-
mined from the partial factorial design consisted of
a 10% phosphate addition using Florida apatite, a
reaction time of 2 hours under constant mixing in a
Hobart mixer at pH 6 with a liquid to solid ratio of
1 to 1. Final pH was adjusted to 8 with lime and
allowed to react for at least two weeks prior to
final analysis.

Multiple analytical techniques were used to
understand the immobilization / stabilization mech-
anisms and reaction products formed during trea-
ment. Bulk sample crystalline mineralogy was
determined by x-ray powder diffraction (XRPD)
and confirmed by x-ray photoelectron spectroscopy
(XPS) for detection of more amorphous species.
Static and magic angle spinning (MAS) nuclear
magnetic resonance (NMR) spectroscopies were
used to determine the types of phosphate species
and minerals present in the treated sediments.
Metal solubility, as affected by treatment, was
assessed through three different leaching tests
including total availability leaching, pH-dependent
leaching, and the toxicity characterization leaching
protocol (TCLP). All of the above techniques are
described at length in (Crannell et al., 2000;
Eighmy er al., 1998; Eighmy et al., 1997).

A reactive barrier study was also conducted to
determine the effectiveness of apatite minerals to
inhibit the diffusion of heavy metals from contami-
nated sediments. This was conducted in two parts,
at the University of New Hampshire (UNH) and
Louisiana State University (LSU). Experiments
conducted at UNH included a tube experiment
monitoring the diffusion of lead. These samples
were frozen, sectioned into wafers, acid digested,
and analyzed by inductively coupled plasma (ICP)



spectroscopy to produce the diffusion profiles.
Diffusion experiments were also conducted at the
Center for Advanced Microstructures and Devices
(CAMD) facility located near the LSU campus.
Synchrotron x-ray microtomography (SXM) was
used to monitor the diffusion of Cr, Cu, Pb, and Zn
through both reactive and clean barriers in a non-
destructive sampling technique. Calculations of
apparent diffusion coefficients were made to com-
pare the relative effectiveness of each barrier mate-
rial. Further information on this procedure can be
found in van der Sloot (1987).

RESULTS

The treatment effectively reduced the solubility
of lead, cadmium, and zinc in Newtown creek sedi-
ment as measured by pH-dependent leaching (see
Table 1). At the same time treatment increased the
solubility of chromium and copper in this sediment
(Table 1). Different formulations during the pre-
liminary optimization experiments did successfully
reduce the solubility of chromium and copper,
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of Cd and Ba. At the same time treatment slightly
increased the solubility of Cr and Zn. Because of
detection limits, the changes in solubility for As,
Pb, Se, Hg, and Cu could not be assessed during
the TCLP test.

Many heavy metal phosphate minerals were
observed in the treated sediments using XRPD, and
are summarized for all three contaminated sedi-
ments in Table 2. Highly insoluble lead and cad-
mium apatite mineral phases were observed.
However, only tertiary metal phosphate phases and
their accompanying solid solutions were observed
for copper and zinc. This may partially explain the
less effective treatment results for these elements.

Ten-day amphipod testing was conducted on
both Providence Harbor and clean sediments
before and after treatment (Table 3). Results of the
testing indicated that the treatment had no adverse
effect on amphipod survival in the clean sediments.
However, the treatment did not statistically
increase amphipod survival in the Providence

Table 2. X-ray powder diffraction analysis of phosphate minerals

which points to the possibility that different formu- present in treated sediments.
lations are required to treat different s of me Calcinm
contamination. TCLP analysis, also presented in Ey&"'f:‘m“’;', g';f:g'fo 150876
. . g cylapatite, syn H) 090432
Table 1, demonstrated a reduction in the solubility Carbomsteydrocynpatie, Can(POH(COs)(OH), 190072
sdmiwm
(M o EDF#
dmivrn Phosphate Hydroxic Cd.
Table 1. Reduction in heavy metal solubility due to treatment as Codmivan Phosphate CAAPOAL O Phoies
measure by pH-dependent leaching and toxicity characterization Cm::l N
leaching protocol (TCLP) tests. M—Smdw NM:&C B PONCI-SHLO 121'% o
P ium Copper Phosphaie KCuPO. 33-1006
pH-dependent leaching! TCLP leaching® H Cus(PO 3,0 20848
Lead
Untreated | Treated]  Percent Untreated | Treated | Percent Mineral Formoly EDF¥
Element . Element . Lead Oxide Phosphate
(pm) | (ppa) |Reduction’ om) | opm) [ Reduction’| |y e P Ty PhiPOO 00250
Pb | 0017 |o.003] 79% | Pb | <004 |<0.04] BDL e o P— PE
Sadium Zinc Phosphate -
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Zine o, -
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Cr | 0013 0013} -20% | Cr | 01 JOO9| 8% Table 3. Results of the 10-day amphipod leaching tests conducted on
Cu [o0m7 [0019] -34% | Cu | 004 J<o004] BDL clean and contaminated sediments.
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Laboratory
Ba | 031 Jo25| 3% Control 160 149 93.1 A
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Figure 1: Diffusion of lead through reactive and non-reactive
materials.

Harbor sediment. The failure to improve amphi-
pod survival in Providence Harbor sediment is
understandable, as it has multiple contaminants,
including organic compounds, which would not be
remediated by this technology.

Concentration profiles for the diffusion of lead
through both a reactive synthetic apatite (Ca5(PO4);F)
and non-reactive barrier (clean sediment) material
are shown in Figure 1. The effective diffusion
coefficient decreased from 4.5x10°13 m%/s for a
non-reactive barrier to 3.9x10"14 m?s for the reac-
tive phosphate barrier. XRPD analysis of the inter-
face between these two materials indicated the
formation of hydroxypyromorphite (Pbs(PO4);0H),
which would explain the observed reduction in
lead diffusion.

CONCLUSIONS

The use of phosphates to stabilize heavy metal-
contaminated sediments can be an effective and
viable treatment technology. Analysis has shown
that treatment effectively reduces the solubility of
lead, cadmium, and zinc. Copper and chromium
solubility increased due to treatment in the main
treatment study. Other treatment formulations cre-
ated in the preliminary studies were effective at
reducing the solubility of these metals. The pri-
mary mechanism by which these observed reduc-
tions in solubility occurred is the formation of
highly insoluble metal apatite minerals. Phosphates
may also be an effective reactive barrier to inhibit
the diffusion of heavy metals from disposal sites.
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ABSTRACT: During early capping operations at the Boston Harbor Confined Aquatic
Disposal Project, layers of fluidized mud and suspended sediments were found on the
cap sand at some locations. At issue are the physical and mechanical properties of these
sediments as well as the thickness of the individual mud layers. These data are needed
to assist in determining how much, if any, disposal material is transported into the water
column due to the passage of ships.

A technology that shows potential for addressing these problems is the Free Fall Cone
Penetrometer (FFCP) concept. A cone penetrometer (CPT) trailing a data/recovery
wire falls freely through the water column, impacts the bottomn and penetrates the
sediment. Variations in sediment grain size, shear strength, stress and dynamic stiffness
are reflected in the deceleration history recorded by the sensor package in the FFCP.
The sediment pore pressure response during the penetration of the probe into the
bottom provides an independent measure of shear strength and permits sediment
classification in a quantitative manner. An Optical Backscatter Sensor (OBS) provides
data about the amount of sediment suspended in the water column and is useful for
determining the boundaries of fluff or mud layers. Bulk sediment properties such as the
void ratio, perosity, water content and density can be inferred from the results when the
sediment composition is known. After the CPT has stopped, it is retrieved and deployed
again.

A FFCP has been beta tested at the U.S. Army Engineer Research and Development
Center (ERDC) in Vicksburg, MS. The experiments examined the response of the FFCP
when dropped into sand and sediment with known physical properties. This paper
describes the FFCP concept and presents some initial results from the demonstration.

Key words: CPT, cone penetrometer, sediment, capping
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requires the dredging and disposal of vast amounts
of sediments. A small fraction of these sediments
contains hazardous materials, and Confined
Aquatic Disposal (CAD) provides a way of safely
and economically disposing of them. Only a lim-
ited number of CAD projects have been completed
throughout the country; thus there are still some
physical and mechanical processes that are not
very well understood (e.g. consolidation rates, sed-
iment resuspension). A relatively new tool known
as the dynamic or “Free-Fall” Cone Penetrometer
Test (FFCPT) has the potential to help understand
these processes. Essentially, a large cone pen-
etrometer is allowed to fall through the water col-
umn into the underlying sediment. The basis for
the FFCPT is that the rate of deceleration of the
penetrometer and the dynamic pore pressure
response of the sediment around the penetrometer
can be used to calculate the undrained shear
strength (0,) in fine-grained sediment. A process
of acceleration double integration and inversion in
the time domain is used to create profiles of o, as
well as other geotechnical properties, as a function
of depth. In September 2000, Mr. Harold
Christian of Christian Situ Geosciences brought a
prototype free fall cone penetrometer (FFCP) from
Brooke Ocean Technology, Ltd. for a series of
demonstration tests at the Corps’ Coastal and
Hydraulics Laboratory (CHL) in Vicksburg, MS.
This paper presents some initial results from those
tests, and discusses them in the context of moni-
toring CAD projects.

EQUIPMENT AND DATA INTERPRETATION
METBHODS

FRreE Farl. CONE PENETROMETER

The Free Fall Cone Penetrometer (FFCP)
package consists of an onboard microprocessor-
based control and sampling system, optical
backscatter sensor (OBS), two accelerometers (2 g
and 20 g range), cone pressure sensor and water
column pressure sensor. The control system and
sensors are enclosed in a steel pressure housing
with a stainless steel cone tip having a 60 degree
included tip angle. The penetrometer measures 85 cm
in length and 11.4 cm in diameter with a nominal

weight of 20 kg underwater, though additional bal-
last can be added.

Deployment of the FFCP involves attaching a
recovery tether to the tail of the instrument and
then allowing it to free fall to the bottom.
Penetration depends on the sediment type, varying
from a few centimeters in sands to 1 meter or more
in soft sediments. Initial sampling and data logging
are at 1 Hz until the 500 Hz sampling mode is trig-
gered by the controller at a preset depth. High
speed sampling continues until the memory is full,
which takes several seconds. Current practice is to
recover the FFCP and download the data after each
test, though several tests can be performed before
the onboard memory is filled. Future configura-
tions will include near real-time data collection.

In conventional CPT, testing the rate of pene-
tration has little effect on pore pressure response in
soft, normally consolidated clays and silts, which
supports the results of FFCPT testing to date.
Consequently, it is feasible to interpret FFCPT
data in a manner similar to standard CPT methods
that give reasonable estimates of undrained shear
strength and sediment layering. Two independent
techniques are used to obtain shear strength data,
which appear to be much more reliable than any
other geotechnical measurement technique used in
very soft to soft sediments, The dynamic penetra-
tion resistance (Q,) is obtained directly from the
deceleration response of the FFCPT, which is con-
trolled by the undrained shear behaviour of the
sediment. The dynamic pore pressure (Uy) is a
direct physical measured response of the sediment
to rapid penetration, governed by its strength and
stiffness behavior. Conventional CPT theory is
used to relate Q4 and U, to the undrained shear
strength (su) using the following expression
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The total vertical stress is denoted by G, and U
denotes the hydrostatic pressure at the pore pres-
sure transducer depth. N, and N,  are cone corre-
lation factors ¢, from penetration resistance and
pore pressure response, respectively.

Additionally, the dynamic pore pressure
parameter (B,) and the normalized dynamic pene-
tration resistance (Q,,), obtained using
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(where ¢ ,” denotes the effective vertical stress)
are useful for sediment classification. Conventional
CPT-based classification charts are available for
evaluating the sediment Soil Behavior Type (SBT).
The standard Bq versus Q. chart (Robertson, 1990)
is a good starting point for evaluating sediment
grain size characteristics from FFCPT data.

SAND PrT DEMONSTRATION

Two different types of experiments were used
at the CHL to demonstrate the capabilities of the
FFCP. The main goal was to evaluate the response
of the FFCP to sands and sediment with known
compositions. The first tests took place in a sand
pit filled with water that was originally used for
sand bypassing experiments until the early 1990s.
The FFCP was deployed from five different sta-
tions along a floating dock into water that varied
from 2.5 m to 4 m in depth. The water was rela-
tively clear except for a layer of green algae at the
surface. During the deployments a core of the first
30 cm of sediment was taken, along with a water
sampie from the bottom.

The core was split and found to be composed
of uniform sand/gravel with a thin layer of organic
silt on the top surface. The sample was dried and
weighed and then was washed through a 200 mesh
sieve and dried again. The change in mass was
negligible. The remaining sediment was again
sieved. The results showed the bottom to be com-
posed of sand and gravel with a median diameter
{d5y) equal to 0.6 millimeters. There was a thin
layer of organics over the gravel, which was
thought to be on the order of a few millimeters
thick. Trials with the OBS showed the water to be
essentially transparent to the sensor.

SETTLING TANK DEMONSTRATION

The second set of tests took place ina 2.5 m
tall rectangular settling tank. The bottom 30 cm of
the tank was filled with fine washed sand
(d5y=0.15 mm) and then filled with tap water. Fifty
pounds of commercial grade kaolinite was slowly
sprinkled into the water and allowed to settle for
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four days. The resulting layer was approximately
7 cm thick and some clay was still suspended. Two
FFCP drops were made into the tank, and then
samples were taken at different depths and in the
kaolinite layer to determine density. Mobile Bay
fluid mud was added to water and allowed to settle
for one day and another drop was made, again fol-
lowed by sampling. The mass and volume of each
sample were measured and the bulk density deter-
mined. Densities of 1000+50 Kg/m> and 120050
Kg/m? were found for the water and kaolinite
layer, respectively. The Mobile Bay sediments did
not have time to settle so there was no appreciable
density gradient or sediment layer above the kaoli-
nite. Subsequently, the results of the last test were
discarded.

INITIAL RESULTS

Figure 1a shows the output from the optical
backscatter sensor as a function of time for Test #35
from the sandpit. Figure 1b shows the acceleration
response and velocity (from single integration of
the acceleration curve) as a function of time for
Test #5. These plots are representative of the
results obtained from both the pond and the labora-
tory tank, though there are some differences since
the pond contained coarse sand and gravel while
the tank contained fine sand, and the fall water
depths were different. T,=0 seconds on the plots
was defined as the time of impact of the penetrom-
eter as shown from the spike on the acceleration
curve. Generally, the time from impact to no
motion lasted less than 0.1 seconds since the bot-
tom in both experiments was very resistant to pen-
etration. The remaining 0.1 - 0.3 seconds of sam-
pling usually recorded the FFCP falling over. Note
in Figure 1a that the OBS curve does not begin to
change until approximately 0.02 seconds after
impact, since the OBS sensor is located 12.5 ¢cm
above the tip. Most pond tests penetrated to a
depth of approximately 15 cm, though some did
not, and no significant change occurred in the OBS
reading. The results of Test #5 suggest that there
was a layer of suspended sediment over the sand,
thongh interpretation is complicated due to rapid
tipping of the probe after the penetration.

Figure 2 shows the dynamic penetration resist-
ance Q, and the dynamic pore pressure U; as a

function of depth below seabed. A total of 13



182 MELTON ET AL.

1000 400 r ” - 0
El
b
900 /
200 L 300 Veloty .2

o0

BGO

[
>
=)
b

500

BS Counts

400

Accearatan fmis?)
2
=2
&
Velocity (ms)

308
Accelaratinn

200 1 0 5

100

[*} -100 10
0.2 o 02 04 086 02 0 0.2 04 06

Tima {secs) Time [secs)

Figure 1. The OBS counts are shown as a function of time in (a).
The acceleration response as a function of time is presented in (b),
along with the velocity.

measurements were made during the penetration
tests. Using the expressions given in Equation 2,
the average normalized dynamic penetration resist-
ance Q, had a value of 367.3 while the dynamic
pore pressure parameter B_ had an average value
of -0.00789. From these values Mr. Christian pre-
dicted the sediment in the pond was gravelly sand
to sand, which aptly described the d5,=0.6 mm
sand/gravel pulied from the bottom. The values of
Q,and B q from the laboratory tests described the
sediment as clean sand to silty sand, similar to the
0.15 mm sand that was used. The accelerometers
did not measure any change in acceleration as the
probe passed through the kaolinite layer. It is pos-
sible that the clay was not dense enough to notice-
ably slow the probe, though another possibility is
that the pressure field in front of the cone “feels”
the underlying sand and masks the response of the
clay layer. This point is being studied further.

CONCLUSIONS

As a result of these tests it has been deter-
mined that the Free Fall Cone Penetrometer has the
potential to be a very useful tool for dredging in
areas with fluid mud, and for contaminated sedi-
ment capping projects. The OBS sensor not only
identifies fluid mud or suspended sediment layers,
but also it can be used to measure sediment thick-
ness as well. The accelerometers and pore pressure
sensor have been shown to identify two types of
sandy bottoms. The output from these sensors also
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Figure 2. The dynamic penetration resistance of the sediment is
given (a) while the dynamic pore pressure is given in (b).

gives the undrained shear strength of the sediment.
For capping projects the ability of the FFCPT to
determine the strength of the contaminated fill
prior to capping is of great interest. Further inves-
tigations using the FFCP in actual field conditions
are being pursued, with the addition of more
sensitive accelerometers and some type of density
meter.
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ABSTRACT: Historically, dredging projects have focused on the removal of sediment
from channel areas of navigable waterways, where anecdotal information and simple
sensing instrumentation can be relied upon in the assessment of the amount and type of
hazards to dredging that will be encountered. Recently, the scale of contaminated
sediment cleanup projects has elevated the issue of identifying dredging hazards to a
higher level. Cleanup projects such as the New Bedford Harbor Superfund Site
Cleanup involve shore-to-shore dredging of large portions of entire harbors. For such
projects, costly delays can occur when a complete picture of the harbor bottom is not
obtained prior to the planning of the dredging.

At the New Bedford Harbor Site, Foster Wheeler Environmental Corporation scientists
worked with the US Army Corps of Engineers to design a multi-phase imaging
program focused on providing critical information in advance of the design of the
dredging program. High quality images of the bottom and sub-bottom of the harbor
were collected wsing side scan sonar, Sub-bottom Profiler, and magnetometer
equipment in order to identify potential hazards to the future dredging program, and
to obtain information on the character of the sediments to be dredged. In addition to
locating objects of concern such as modern debris, abandoned moorings, former
pilings, sunken vessels, pipelines and cables, the data revealed information concerning
the relative bottom hardness. Both the hazards identification and bottom hardness
information is being used in the design of the dredging program at the Harbor. The
information gathered is highly nseful in the determination of dredging rates and in the
identification of areas of particular concern (which will require pre-dredge clearance
prior to sediment removal), and has decreased the liability normally associated with
large dredge design projects.

Key words: imaging technologies, seismic reflection, sub-bottom profiling, side scan sonar,
magnetometry, New Bedford Harbor, MA

INTRODUCTION type, bottom topography, and tidal and current
The design and construction of large contami- information are all important variables that must
nated sediment dredging projects requires a large be considered during the design and construction
volume of information concerning the character of ~ Phases of such projects. One variable that often
the bottom area to be dredged. Thickness of con- gets overlooked however, is the amount of debris
tamination, extent of contamination, sediment or aberrant material that is located on or in the har-

bor bottom. This debris can represent a significant
tCorme.rsponding author; telephone: 973-630-8051; haza'rd to fil'.efiglﬂg and cert.:m} pre-demgn nvesti-
fax: 973-630-8304; email: RFunk @ fwenc.com gation activities (such as drilling or test dredge
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activities). Inadequate knowledge of the hazards to
dredging can result in damage to equipment and
costly delays in production if the dredging opera-
tions encounter unexpected objects or debris on or
in the harbor bottom.

Assessing the presence of potential hazards to
dredging and pre-design investigation activities in
the marine environment ts a difficult task because
of the high cost of direct mapping of large under-
water areas. Diving activitics are costly and can be
dangerous in areas where contamination is an
issue. Additionally, sedimentation, sediment redis-
tribution, and burial rates in many east coast harbors
are sufficiently high as to cover over even relatively
modern debris such that direct visual means of
assessment may not be possible. Geophysical
methods have proven very useful for situations on
land, where magnetic and electromagnetic methods
have been employed to determine the character of
the subsurface and map out hazards prior to trench-
ing or excavating activities. However, shallow
marine conditions often interfere with geophysical
signatures, particularly for electromagnetic and
seismic methods, often rendering the results unus-
able. This paper presents the results of a program
designed to overcome the issues associated with
the collection of hazard information in the shaliow
marine environment; a program, which resulted in
the collection and interpretation of critical hazard
information for a large contaminated sediment
dredging program.

BACKGROUND

The New Bedford Harbor Superfund Site
encompasses a large portion of New Bedford
Harbor and the lower reaches of the Acushnet
River in southeastern Massachusetts (see Figure 1).
Sediments within the harbor are contaminated with
high levels of polychlorinated biphenyls (PCBs)
from historic transformer manufacturing that
occurred along the shoreline of the harbor. In
1998, the U.S. Environmental Protection Agency
signed a Record of Decision (ROD), which pre-
scribed a remedy for the clean-up of the harbor.

The prescribed remedy identified in the ROD
calls for the dredging of the contaminated sedi-
ments from the floor of the harbor and subsequent
isolation of the contaminated material in four perma-
nent shoreline confined disposal facilitics (CDFs)

Figure 2. The test dredge operating in the Upper Harbor.

constructed for this purpose. Figure 2 shows a
portion of the Upper Harbor area of interest with
test dredging operations observable, and a tempo-
rary CDF facility at Sawyer Street in New Bedford,
which has been used for interim storage of “hot
spot” and test dredge materials until the permanent
CDFs can be constructed. The USEPA enlisted the



assistance of the U.S. Army Corps of Engineers -
New England District (UISACE) as manager of the
project. Under the New England Total
Environmental Restoration Contract (TERC), the
USACE assigned Foster Wheeler Environmental
Corp. as the lead design/build contractor for the
work.

Design of a dredging program of an entire har-
bor requires detailed knowledge of all of the poten-
tial hazards on and in the bottom of the harbor. In
the case of New Bedford Harbor, a harbor that has
been developed for hundreds of years, surprises
were expected. Maps of the harbor environs existed,
but none were detailed, and fewer still had any
information below the low water line. So in order
to obtain a clear and accurate picture of the condi-
tions in the harbor arcas where future activities
were planned, a multi-phase marine geophysical
investigation program was designed.

METHODS

In order to acquire as much bottom and sub-
bottom information as possible, a multi-phase
marine geophysical program was devised.
Precision imaging of the bottom of the harbor was
required in order to get as complete a picture of the
bottom conditions as possible. In addition, because
of the concern about objects buried just below the
harbor bottom, information was required from
below the bottom of the harbor (from within the
shallow sub-bottom sediments),

Foster Wheeler geophysicists designed a multi-
phase program which integrated bottom and sub-
bottom imaging technologies with the latest in
positioning equipment and software. The equip-
ment utilized for this program included:

* A precision navigation system utilizing a
Differential Global Positioning System
(DGPS) integrated with digital navigation soft-
ware which included a steer-to heads-up display;

* A precision echo-sounder for accurate
bottormn depth information;

* A Cesium Total-field Magnetometer System
for identification of metallic signatures on and
in the harbor bottom;

* A Side Scan Sonar system (dual frequency
with digital recording and playback features)
for imaging of the harbor botiom; and
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* A “Chirp”-type swept frequency Sub-bottom
Profiler for sub-bottom imaging of the harbor
bottom.

All of the equipment was housed in a shallow
draft licensed survey vessel. A survey vessel capa-
ble of operating in as little as four feet of water
was used for the deeper portions of the harbor.
This vessel was large enough to house all of the
equipment at once, allowing collection of all data
streams concurrently, avoiding retracing data lines.
For more shallow areas around the edges of the
harbor, a second (smaller) vessel was used. This
vessel required each of the instruments to be uti-
lized independently (one at a time), as deck space
was limited. With the shallow vessel configura-
tion, work could proceed in as little as approxi-
mately one foot of water.

Prior to mobilizing the equipment to the field,
survey tracklines were laid out on project maps in
order to cover all areas where dredging or con-
struction activities are scheduled or could occur.
Tracklines were laid out at a 50-foot spacing such
that all potentially effected areas of the harbor
would be covered. The tracklines were then digi-
tized onto the project maps, and the entire digital
map image was entered into the ships navigation
system. This provided the helmsman with a com-
puterized “heads-up” display of the intended track-
lines, with an overlay of the position of the vessel,
updated every second, as determined from the real-
time DGPS. Vessel steering was accomplished
through constant monitoring of the DGPS vessel
location relative to the design tracklines. During
data collection, real position information was
logged by the navigation computer in real time so
that an accurate map of the vessels actual trackline
could be produced. The data collected from each
of the geophysical instruments was also logged
digitally onto computer, with each piece of data
tagged with digital position and time information
from the DGPS.

RESULTS

The results of the survey were depicted on a
series of detailed maps of the bottom of the harbor.
The magnetic and side scan sonar maps were pro-
duced as composite data fusion maps of the entire
harbor area surveyed for each data type. The maps
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of each data type were then reviewed in detail and
interpreted by experienced geophysicists, and any
potential targets identified from each data type
were logged and mapped on a composite interpre-
tatton map of the harbor areas surveyed. For tar-
gets displaying a data signature on more than one
data type, the data signatures were noted on both
the composite map and summary table of targets.

Individual images of side scan or magnetic tar-
gets were also exported from the larger composite
maps so that project personnel can reference
detailed images of all of the identified hazards. A
library of the hazards has been generated for the
project, and a summary target map, displaying all
interpreted targets, has been generated for use by
all project stakeholders. Many critical hazards
were identified from the images, including several
undocumented pipelines (see Figure 3), a set of
former railway tracks, the remnants of a trestle
bridge that was destroyed during a hurricane in the
194(r’s, several sunken (modern) vessels, and a sig-
nificant volume of debris and submerged or buried
old pilings. The targets are geo-referenced, and
digital versions of the target map information can
be downloaded into a variety of platforms (for
instance the GPS system of a dredge barge)}, so that
current and future users of the data wiil have
access to the information and will be able to identify
the potential hazards. Information will be avaiable
in digital format as well as hard copy formats.

CONCLUSIONS

Identification of potential bottom and sub-
bottom hazards is an often overlooked task on
contaminated sediment removal projects.
Traditionally, the collection of information has
been costly and not particularly reliable. However,
with availability of increasingly accurate digital
imaging and positioning systems has made the
mapping of large harbor areas both possible and
cost-effective. Such a survey was conducted for
the New Bedford Harbor Superfund project, where
a multi-phase marine geophysical data collection
program was designed. Complete coverage of the
potential dredge areas was achieved. Interpretation
of the data revealed numerous surprises, including
several unmapped pipelines, and a set of former
railway tracks from a trestle bridge that had been

destroyed during a hurricane. Through appropriate
application of technology, a significant volume of
critical hazard information was collected, which
can be utilized by all stakeholders on the project
team. The survey of New Bedford Harbor provided
engineers seeking details on the characteristics of
the harbor bottom a complete picture of the harbor
environs. The benefits include a significant
increase in the volume of information available to
engineers concerning harbor bottom character (thus
improving interpretations and reducing risk), and a
reduction in the cost of obtaining the information
that is necessary to identify potentially costly
hazards in the marine environment.
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There are currently several coastal projects where
dredging is planned within Narragansett Bay, Rhode
Island. These projects, which include dredging of the
Providence River channel, development of a port facility
at Quonset Point/Davisville, and maintenance dredging
of several marinas, would generate over 10 million cubic
yards (7.6 million m*) of dredged material. The issues
surrounding the disposal of this very large quantity of
material will have a significant impact on both economic
development in the region and the environment. Current
plans are to dispose of the uncontaminated sediments
from the Providence River Channel either in
Narragansett Bay or in Rhode Island Sound, both of
which face opposition from environmental groups and
local fishermen. Contaminated materials would be dis-
posed of in a confined aquatic disposal (CAD) cell with-
in the Providence River. With the large amount of
dredged sediments being generated from the Bay, there is
a clear need to consider reuse alternatives to disposal.
Development of economically viable beneficial use alter-
natives have several attractions including reducing the
need for aquatic disposal with attendant environmental
advantages. Upland uses could include fill for highway
constmiction and capping material for brownfields reme-
diation projects. Other uses being considered are
restoration of aquatic habitats and dewatering the sedi-
ments with subsequent use for beach replenishment,

This paper presents the results of a current laboratory
testing program to cvaluate beneficial use alternatives for
uncontaminated materials from the channel and turning
basins at the Quonset Point/Davisville facility. Results
of a site investigation indicate that significant amounts of
sand/gravel will be encountered within 